
FOOD SAFETY AND QUALITY 
CONTROL MEASURES

By
Aneena E. R, 
(2004- 24- 01)

Ph.D Home Science  
(Food Science and Nutrition)

o v/
kr - J -

SEM INAR REPORT

Subm itted  in partial  fulfil lment for the requ irem ent  of  the  
C ourse  No. I lSe  751, S em in ar  (0+1)

DEPARTMENT OF HOME SCIENCE 
COLLEGE OF HORTICULTURE 

KERALA AGRICULTURAL UNIVERSITY 
VELLANIKKARA 680656 

THRISSUR, KERALA, INDIA
2005



DECLARATION

I, A n e e n a  E  R. (2004-24-01) hereby  dec la re  tha t  the  sem ina r  entit led “Food 
safety and quality control m easures” have been  p re p a re d  by me, a f te r  g o in g  th rou g h  
the va r ious  re fe rences  ci ted here  and has not  been  cop ied  f rom  m y fe l low s tuden ts

up-
Vel lan ikkara  A n e e n a  E R

I M O  o r  (2001



C E R T I F I C A T E

This is to  cer t i fy  tha t  the  sem inar  rep o r t  t i t led “ F O O D  S A F E T Y  A N D  
Q U A L I T Y  C O N T R O L  M E A S U R E S ” has been  solely p re p a re d  by A neena ,  E . R  (2004  
-  24  -  01) ,  u n d e r  m y gu idance ,  and has no t  been  cop ied  f ro m  any  seniors ,  jun io rs  or 
fellow s tu d e n t ’s sem in a r  repor ts .

V ;
V '

Vel lan ikkara  Dr  V  Indira
D ate  n  iC M a jo r  adv isor

A ssoc ia te  p r o f e s s o r ^  Mead 
D ep a r tm en t  o f  H o m e  Science  
Vel lan ikkara  
Thr issu r



CONTENTS

SI. No. Title Page No.
I. In t ro d u c t io n /
i Physical  haza rd s I

Biologica l  hazards 3
4i C hem ica l  h aza rds 9
5 F o o d  quali ty  and contro l  m easures / ?
6 In ternat ional  food  s tandards 22

I 71 C on c lu s io n % ̂ >51 S R efe rences 7 l/
9 D iscuss ion ;
10 A bs trac t

. . . .  j



INTRODUCTION

Access to goo d  quality' food has been m an 's  endeavor from the earliest days o f  
human existence. Safety o f  food is the basic requirement o f  food quality. Food safety is 
a  global challenge to meet the requirements o f  consumers with respect to hygienic and 
nutritional qualities. Food systems in developing countries are not always well 
organized and developed as in the industrial world. Therefore  people in developing 
countries are exposed lo a wide range o f  potential food quality and safety risks. 
Producing good  quality and safe food is a pre requisite to successful and sustainable 
development o f  national agricultural resources, domestic and international food trade 
(Prakash, 2003). The  changing consumer knowledge, behavioral as well as reliability o f  
scientific merit on associated risk factors has brought the food salelv issue in to a 
sharper focus
T erm ino lo g ie s  re la ted  to food safety
Safety' A substance is termed as safe, when it is practically certain that under 
conditions o f  use. no toxic injury will result
Food safe ty  Is the assurance that damage or injury from the use o f  a food substance is 
impossible
H a z a rd  It is the re la ine  probability that a toxic substance can cause a toxic mjurv 
under conditions o f  use
Toxici ty  It is the capacity o f  a substance to produce harm or liiiurx o f  am kind under 
any condition
Risk: Is expressed in the human population and is a function o f  a probability and 
severity o f  the adverse health effect that max occur due to hazard m food 
C o n t ro l  m e a s u r e  Any action or activity that can be used to prevent or eliminate a food 
safety hazard or reduce it to an acceptable lev el
Quality assurance It may be defined as a plant and systemic pattern o f  allocations 
necessary lo provide adequate confidence that the product will perform satisfactorily in 
actual operation
Major food safety issues of concern

Physical hazards 
•!* Biological hazards
•I* Chemical hazards
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Physical hazards
Foods may contain hazardous substance such as stones, seeds, glass fragments, 

small bits o f  metal etc. These materials can become part o f  food from the natural 
environment in which they are grown or they may be contaminated during processing 
and packaging.

Main material o f concern as physical hazards and common sources

Material Injury potential Sources
Glass Cuts, bleeding, may require 

surgery to find and removal
Bottles, jars, light fixtures, utensils, gauge 
covers.

W ood Cuts, injections, chocking require 
surgery to remove

Fields, pallets, boxes, buildings

Stones Choking, broken teeth Fields

Metal Cuts. Injections, require surgery to 
r e m m e

Machmerx . fields, w ire

Insects & 
other filth

Illness, trauma, choking Fields, plant post process enlr\

Bone Choking trauma Fields improper, plant processing

Plastic Choking cuts, injection require 
surgery to remove

Fields, plant packaging

Personal
effects

Choking, cuts, broken teeth, mas 
require surgery to remove

Materials, pallets, employees

Measures to prevent physical hazards



Make sure y o u r  plant specifications for building design and operation are accurate and 
updated regularly

>  M ake  sure your  letters o f  guarantee for ingredients and product  suppliers 
are accurate  and update regularly
>  Perform random visual examinations o f  incoming product  and materials
>  Use magnets and metal detectors to help find metal fragments that would 
be a  physical hazard
V Use s tone traps and bone separators to remove these potential physical
hazards
r  Keep all filtering and sieving/sifting device in good  conditions o f  repair
and maintenance
^  Strictly follow glass protocol in the processing area 

'r Tram employees to enable them to identify physical hazards

Biological hazards

Biological hazards include bacterial, fungal, \iral a id  parasitic organisms and 
their toxins There are mam microorganisms, which arc pathogenic in humans, but 
relatively few are associated with food these are known a> food bom  pathogens 
Diseases caused by these organisms are sometimes incorrectK called food poisonings 
There are two types o f  food diseases from microbial pathogens The\  are termed as 
infections and intoxications Infections result from ingestion o f  li \e pathogenic 
organism, which mullipK with in the hod\ and produce disease Intoxication occurs 
when toxins produced lw the pathogens arc consumed flic ma|ontv  o f  the health 
problems that are arising in the world over are due to consumption o f  foods 
contaminated with pathogens or microbialb spoilt foods (Reghuramaiali.  2001) 
Chakravarty (2003) observed the presence o f  K.cnli. yeast, mould, salmonella. 
sheigella. cholera vibrio. klcbisclla pneumonae, pseudomonous m rugenosa, protein 
mirahllis. protein vulgaris, bacillus species etc in Indian street food on a microbial 
analysis The  microbial quality o f  ready to consume snacks and beverages were 
examined for suitability for general consumption (Rao. I c>‘>5) and the results are given 
below

Microbial quality of some beverage foods used widely by the Indian 
consumers



Products Pathogens found
Sugar  cane ju ice (fresh) E. coli. Vibrio cholerae, 

Aspergillus flavus , Bacillis 
cereus

Grape juice (fresh) Aspergillus flaw s
Flavoured milk E. coli, Yersiria
Malted drink powders E. coli

(Rao, 1995)

Identification o f  hazards in street foods o f  Vadodara.  India revealed that high 
total Mesophilic Acrohic Bacteria. S.aureus, E.coli. Salmoncllas. and sheigclla (Shelh 
etal. 2005)
Salmonella

Salmonella causes one fifth o f  the human food poisoning Salmonella 
typhimurium and S vnleninhs are two commonlv found species S typhimurium is 
antibiotic resistant The Center for Disease Control (C P C )  reports that about. 14  
million people in US are affected In salmonellosis These bacteria can be found in food 
products such as raw poultry, eggs. beef, and high protein foods Svmploms usually 
begin I2 - I9h rs  after ingestion and continue from 1-7 d a \ s  Diarrhoea, lexer, abdominal 
pain, headache, etc are the major symptoms o f  salmonellosis

Most people recover successfully from salmonellosis, but a few develop a 
chronic condit ion called Reiter 's  syndrome Ib i s  can last for months and years and can 
lead to arthritis The symptoms are painful joints, irritated ey es and painful urination

Salmonella lyphosa is the causative organism o f  typhoid fever, which is 
characterized by fever, slow pulse rate, enlargement o f  spleen, rose spots on the trunk, 
ulcers in Ihe intestinal tract and constipation These  bacteria are transmitted through 
contaminated water and food



Botulism

Botulism is a rare but serious illness caused by toxin produced by Clostridium 
botulinum  bacteria, that grow in low acid foods like unprocessed canned foods its an 
anaerobic bacteria it can live inside sealed containers.
Symptoms -Double vision, drooping eyelids, slurred speech, dry mouth and difficulty’ in 
swallowing, and weak muscles. This will begin with in 18-36 hrs after eating. It may 
occur from 1-7 days. People who develop severe botulism , experience breathing failure 
and paralysis.

Streptococcus

Streptococcus are found in dairy products, fermenting juices, and organic matter 
containing sugars, this is the causative organism o f  scarlet fever, tonsillitis, purpual 
fever and sore throat, septicaemia, \ar ious skin and wound infections To  prc \ent  this 
pasteurization o f  milk should be done 
Staphylococcus

This most common food poisoning is due to sUi/ ’IiyIolOli aurcu\ the 
symptoms occur with in 2-4 hrs after consumption The organism grow well in between 
12°C - 44 C This poisoning, is characterized h\ \omiling. d u n h o e a .  and dehvdration 
This is mainK seen in cream pastries, sailed meats and sausages

Shigellosis

Also called bacillary dvsentcry caused hv shigclhi bacteria Out breaks o f  
shigellosis frequently occur in tropical or temperate climates Sanitary handling o f  food, 
purification o f  drinking water, pasteurizations o f  milk, sanitary disposal o f  scyvage. 
extermination o f  flies are the control measures 
Shigella can be infected from
• Rating food or drinking beverages contaminated hv food handlers infected with 
Shigella who didn't wash their hands properly after using the bathroom
• Eating vegetables grown in fields containing sewage
• Rating food contaminated by flies which were bred m infected faeces



• Drinking o r  swimming in contaminated water
S. sonnei is the most  common type o f  Shigella in developed countries, including the 
United States.

Symptoms
• Fever
• Tiredness
• Watery or bloodv diarrhea

*  •

• N ausea  and vomiting
• Abdominal pain

Symptoms usually begin within 2 days alier being exposed lo Shigella. Symptoms 
usually are gone within 5 to 7 days.

E. Coli infection

Certain tvpes o f  A u / i m t / m /  call bacteria, commonly called /• call, can cause 
food borne illness Harmless strains o f / ,  toll can be found widely in nature, including 
the intestinal tracts o f  humans and warm-blooded animals Disease-causing strains, 
however, are a frequent cause o f  both intestinal and urinary-genital tract infections 
Several different strains o f  harmful 11 call can cause diarrhoea! disease A particularly 
dangerous tvpe is called enterohemorrhngic / call. or I III ( I H F C  ollen causes 
bloody diarrhoea and can lead to kidnev failure in children or people with weakened 
immune systems 
Transmission
E cnli bacteria and its toxins have been found in
• Undercooked or raw hamburgers
• Alfalfa sprouts
• Lettuce
• Unpasteuri /ed  milk, apple juice, and apple cider
• Contaminated well water
Symptom.s
E coh 0 1 5 7  117 toxin can damage the lining o f  your intestine and cause other 
symptoms including
• Nausea



• Severe abdominal crarrps
• Watery or verv bloody diarrhea

J  *  +

• Tiredness
Y o u  might develop low-grade fever or  vomiting. Symptoms usually begin from 2 to 5 
days after eating contaminated food and may last for 8 days.

Badllus Cereus

Bacillus cereus is a facultative anaerobic m icroorganism It is associated with 
two types o f  illnesses Illness can either be associated with diarrhoea or  vomiting.

A wide variety o f  foods including meats milk vegetables and fish have been 
associated with those pathogenic bacteria, which cause diarrhoea! type illness The 
vomiting type illness is usually associated with starchy foods such as nee. potatoes and 
etc

Clostridium Perfringens

Most common forms o f  food poisoning is due to il>i> micro organism, 
lisuallv contaminated from rivals, euus. gravies, and oilier protein foods The illness ismf U .  w -* V—  I

especially prevalent because o f  improper practice o f  keeping rivals gravies warm Good
handling practice is more important in preventing this
Fungi

Fungi species produce mveotoxms Allato\m. paltilm are micotoxms Allatoxm 
mainly affects cereals and oil seeds during growth and post harvest period due to 
improper s torage o f  food ( 7a vh cp\ purnurea causes ergotism 
Parasites

Parasites get into food in many ways Some g row  in gaslro intestinal tract o f  
man and animals and others arc naturally occurring in the tissues o f  animal foods 
Health problems arising by these parasites are common in the developing countries 
particularly in India Entemoeaha hislolilica causes amoebic dysentery and the major 
cause is faecal contamination W H O  reports that deaths due to amoebiasis is higher as 
compared to other parasitic infections and approximately 100,00 deaths occur everv



year around the world. World widely about 1200 million people are infected with 
Ascaris lumbricoides . This is also from faecal contamination. Ancylostoma duodunale 
commonly called as h o o kw o rm  may reach the upper intestine through blood stream and 
may cause anaemia.

Food borne diseases caused by some pathogenic organisms

Pathogenic
organisms

Food community involved III effects and diseases

1) BACTERIAL
Bacillus cereus Cereal products Nausea, vomiting, abdominal 

pain
Clostridium 
bo tu lin uni

Defectively processed meat & fish Botulism (muscular), paralysis, 
death due to respirators 
failures

Clostridium 
p erfrin gens

Defectively processed precooked 
meat

Nausea, abdominal pain and 
diarrhea

Salmonella Dcfectivelv processed meat, fish & 
egg products, raw vegetables grown 
on sewage

Salmonellosis t Vomiting, 
diarrhea and lev er)

Shigella sonnel Foods kept exposed sale in 
unlrvgienic surroundings.  C J  c J

Increased salivation, vomiting, 
abdominal pain and diarrhea

Streptococcus 
pyrogen es

Foods kept exposed sale in 
unhygienic surroundings

Scarlet lever, septic sore throat

Pathogenic
organisms

Food community involved III effects and diseases

2) FUNGAL

Aspergillus flavus 
(Aflatoxin)

Corn and groundnut Liver damage and cancer

C'lanlceps
purpurea

Rye and pearl millet infested with 
ergot

Ergotism (burning sensation in 
extremities)

Fusariunt
Irirhitutifx

C ereals and millets infected with
fuanriiim

Alimentary toxic
•»



krichiodies fusarium

Penicillium
islandiunt

Rice Liver damage

3) PARASITIC

Trichinella spiralis Pork and pork products Nausea, vomiting, d iarrhea 
colic and muscular pains 
(trichionosis)

Ascaris
lunibricoides

Raw vegetables grown on sewage 
farms

Ascariasis

Entanwbea
histolytica

Raw vegetables grown on sewage 
farms

Amoebic dysentery

Ancylostoma
duodenale

Raw vegetables grown on sewage 
farms

Epigastric pain, loss o f  blood, 
anaemia

M e a s u r e  to prevent m icrobio log ica l  hazards

v  Avoid contamination from raw material, ingredients and process aids 
•!* Prevent contamination from transport vehicles entering the premises 
v  Keep raw material, packaging material and food ingredients protected from 

contamination
•> Maintain proper hygiene in the processing area and immediate vinmlv out side 

the plant
•> Control trafTic movement 1 1 1 high hvgicne areas
•> Avoid contamination from utensils, and food contact surfaces
❖ Tram  on importance o f  hygiene and control personal hygiene and habits

C H E M I C A L  H A Z A R D S

Chemicals are being contaminated in our food in a number oT ways Chemical 
contaminants are wide spread in our environment and may enter the food chain and be 
present in all plant and animal products we eat (eg dioxins) Chemical components o f  
materials which come in to contact with food such as packaging materials may be



absorbed to ou r  foods. Chemical components max- form during food processing or 
cooking, (e.g. poly cyclic aromatic hydrocarbons). T o  increase the food production, use 
o f  synthetic fertilizers, pesticides, and herbicides became inevitable (Rao, 2002). 
Chemicals used in farming such as pesticides and veterinary medicines may remain in 
products w e  eat. Additives are deliberately added to food in order  to provide some 
useful purpose such as flavours and preservatives. They can also have some toxic 
effects (eg. Aginomotto).

Som e natural components o f  plants may themselves cause toxicity (glyco 
alkaloids in potalos). While some may be harmful if not cooked properly (eg lectins in 
pulses). There  are also some foodstuffs, which can cause allergies in susceptible 
individuals Chemicals may be produced by moulds, which contaminate crops during 
s torage such as aflatoxins

Human exposure to chemicals and nutritional imbalances are currently known or 
suspected to be responsible for promoting or causing cancer, kidney and liver 
dysfunction, hormonal imbalances immune system suppression, musculoskeletal 
disease, birth defects, premature births, impeded nervous Lind sensory system 
development, reproductive disorders, mental health problems cardiovascular diseases, 
genital urinary diseases, old age dementia, and learning disabilities Babu and 
Rao. 1

Toxic effects o f  sam e metals  tV chemicals

Name Foods commonly involved I’oxie effects

1) Arsenic Fruits sprnvcd In lead 
arsenate

Dizziness, chills, cramps, paralvsis leading 
to death

2) Barium Foods contaminated In 
barium carbonate

Violent persistent muscular twitching and 
convulsions

3) Cadmium Fruit juices and soft drinks 
that come in contact with 
cadmium and plated vessels

Excessive salivation. liver. kidney 
disfunction, prostate  cancer, multiple 
fractures (Painful ‘Itai-ltaF disease 
reported from Japan due to Cndimurr 
poisoning)
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4) Cobalt Water, Beer Cardiac failure
5) Copper A d d  foods in contact with 

tarnished copper  ware
Vomiting diarrhoea, abdominal pain

6) Lead Some processed foods, lead 
water pipes

Paralysis, brain damage

7) Mercury Mercury contaminated fish, 
fungicides

Paralysis, brain damage & blindness

8) Tin Canned foods Colic, vomiting, photophobia
9) Zinc Foods stored in galvanized 

iron ware
Dizziness, vomiting

Food Additives

Food additives are defined as substances added intentionally to food. generalK in small 
quantities, to improve its appearance, flavour, texture or storage properties (WHO. 
I VS 7)

T v p e s o f f o o d  addi t i ves

•  C o l o u r s
• Enzymes
• Text misers
• Antioxidants
•  Sequestrants
• Anticaking agents
• Leavening agents
• Sweetening agents
• Preservatives
• Emulsifiers and stabilizers
•  Humecants
• Flavouring agents
• Buffering agents
• Nutritive additives



•  Flour improvers
• Acidulants
•  Fat replacers

Food and Drug Administration has approved many compounds as safe for addition to 
food in prescribed levels. These are generally referred to as Generally Recognized as 
Safe Substances (GRASS).
Food Colourants
Synthetic food colourants and their acceptable daily intake

Colour Name ADI (mg/kg body 
weight)

A Red 1 Amaranth 0 75
2 Carmosine 1.25
3 Frytheosine 1 25
4 Ponceur 4R <) 125

B Yellow 5 .Sunset yellow 2 5
o Tar t ra /m e 7 5

C Green 7 Green S S II
H fas t  green 12 5

D Blue 0 Brilliant blue 2 s
lo Indigo carmine S ()

(Sunminalhan .  1 ‘ >'>7)
Synthetic food colourants above safe limits causes asthma, allergy, hvper activity, 
thvroidi.sm. and degenerative changes in stomach, liver, kidneys and abdomen In India, 
various surveys indicated that permitted colours are used even 730ppm when the 
permitted level is only 100 ppm in foods Metanil yellow, causes insufficient oxygen 
supply to skin, and mucus membrane along with degenerative changes in the stomach, 
liver, kidneys, and abdomen Intake o f  lend eliminate results in epigastric pain, 
anaemia, nausea, and constipation Consumption o f  rhodamine lead to growth 
retardation, and haemolysis o f  blood cells, while sudan dyes produce kidney lesions 
(WHO, I0R7)



Texturisers
Urea  is used in the food industry* as a texturiser in chewing gum, synthetic milk, 

and alcoholic beverage. Urea causes some toxic effects like hepatic disorders, 
neuropsychiatric disorders, carcinogenicity' and mutagenicity (Babu and Bhat, 1996).

Antioxidants
Antioxidants are the substances when added to food will retard or prevent 

the oxidative deterioration o f  foods.

Permissible limit o f  permitted antioxidants in foods

Food BHA BUT PG Total allowed

Fried foods and baked 
products

200 200 200 200

Dry breakfast cereals SO 50 - 5o
Unsmoked dried sausages to

Chewing gum I (101) looo looo I 000
Active dry veast

J  0

looo - - |000

Sequestrants
Permissible limits o f  sequestrants m foods (ppm)

SI No Food stuff Scqucst rants Permitted level

1 Fats and oils Citric acid 100
2 Salad dressing & spreads 

containing emulsified fats
N a E D T A 75
NA citrate 100

3 Roasted nuts & nut meat Citric acid 100

A Fried and baked foods Citric acid 100
E D TA 75



Anticakmg agents
Prevents caking by moisture absorption. Eg. Carbonates and Phosphates o f  

Ca  and Mg. M axim um  permissible limits - 2 per cent.

Emulsifiers
They- are the Surface active agents which help to disperse or emulsify two 

immiscible liquids to give a stable mixture. Eg. M ono and diglycerides, and BVO. 
which is banned in India. Safe level - 0.2 per cent in bakery products  and chocolates

Sweetening agents
Used as a substitute for cane sugar Eg. Sodium salt o f  saccharin, 

aspartame, sorbitol, manmtol etc Saccharin induces bladder cancers, hyper activity, 
anorexia, vomiting, diarrhea, abdominal pain etc Safe lex el - 15-mg/kg body w eight 
FDA has banned the use o f  cyclamates since it has found lo be causing bladder cancer 
Preservatives

Any substance, which is capable o f  inhibiting retarding or arresting the 
growth o f  microorganism is termed a. preservative V c  •olmg to f l 'O  ihe maximum 
amount o f  sulpherdioxide. allowed is .squash crush .oo 1 C"rdiai is >5o ppm and m RTS 
.and nectar 7(j ppm
Ben/oic  acid- according to I PO. permitted level in RTS and Nectar is I 2o ppm and in 
squash, crush and cordial is film ppm 
Sorbic acid-Permitted levels () 1-0*1%
Propionic acid -permissible lev els are 0 1-0 *1"..
Nitrites and nitrates- permitted levels are 5 0 - 12 Sing/kg 
Nitrate is used in meal products m level o f  150-M)() mg/kg food

Sulpherdioxide. sulphites and mctabisulplutcs have been found to precipitate 
allergic reactions in about 10 %  o f  asthemalic patients the sy mptoms o f  adverse effects 
o f  sulpherdioxide may amnifest di/ / iness.chest  pain.eye irritation and difficulty in 
breathing! Aruna et al, 1097)

According to FPO, Food is considered adulterated when-:
1 Admixture o f  inferior and cheaper substance
2 Extraction o f  quality ingredients from the food
3 Preparing or packing under unsanitary conditions



4_Sale o f  insect infested food 
5.Obtaining food from a diseased animal
6. Incorporation o f  poisonous component
7. Entry' o f  injurious substance from container used
8. Use o f  additives above safe limits
9.Sale o f  substandard product, which may or  may not be injurious to health 
Situations In Which Food Additives Are To Be Avoided-:

• In babv foods
m

• T o  mask spoilage or  bad quality o f  food and thus deceive the consumer
• T o  cover up defects in handling and processing
• To  make food attractive and appealing lo consumer at the expense o f  its

nutritional quality and safety
• To  obtain a desired ellecl instead o f  adopting improved processing techniques
• Addition adversely affect health o f  the consumer 

Pesticide residues in food

Pesticide residue means anv specified substance in food, agricultural 
commodities or animal feed resulting from the use o f  pesticide The  term includes am 
derivatives o f  pesticide such as conversion products, metabolites, reaction products, and 
impurities considered to lie o f  loxicologicaJ significance

The role o f  agrochemicals in modern agriculture is continuouslv evolving 
Pesticide residues can remain even when pesticides are applied in the tight and al the 
right time Several human and animal health effects, including cancer, hormonal and 
reproductive disruption, decreased immune function, chemical sensitivity and 
neurotoxicity have been associated with chemical pesticides

Pestic ides and Health Implications

The  chief constituents o f  agrochemicals are inorganic fertilizer, which supply 
the major plant nutrients and numerous plant protection chemicals, insecticides, 
fungicides, herbicides The major cause o f  pesticide contamination is their poor 
sensitivity over use, unsafe and improper methods o f  application Studies on pesticide 
contamination o f  food in India reveals that our food ids becoming toxic and crossing the 
threshold level fixed by the W H O  An average daily Indian meal contains half a



milligram o f  D D T  and BHC and this is 44  times more than an average American 
meaLIn a  study o f  farm workers who sprayed D D T  and malathion regularly it was 
found that 50 percent o f  workers developed system o f  anxiety, sleep disturbances, 
depression, and headache, blurred vision and impaired memoiy(prakash,2003).

Food stuffs collected from different regions o f  India were analysed for the 
presence o f  H C H  (BHC), DDT, HCB, aldrin, dieldrin, heptachlor, and PCBs. 
Significantly high levels o f  food contamination with HCH, DDT, aldrin and dieldrin 
were evident through out India The average daily intake o f  H CH and DDT by Indians 
were est imated to be 115 and 48 mug/person, respectively which were higher than those 
observed in the most o f  the developed nations (Kannan, ct al. 1998)

In K arna taka  since 1975. over 300 people have been struck by a mysterious 
crippling attack o f  arthritis called “Handigodu syndrom e ' .T he  organophosphorous 
block acetvl choline in the nervous svstem and caused dizziness, n a u sea  head ache.0  m

d ia r rhoea  numbness,  and visual disturbances These compounds mav cause foetal 
abnormalities and are carcinogenic (Rao. 2002)

Dube(1995) reported that 420 pesticides tested on animals 4<inu produced skin 
irritation, carcinogenic tumor and mutagenic damage

In a nutshell, the health hazards bv the misuse or indiscriminate use ol pesticides leads 
to-
1 Enzyme imbalance
2 Skin and allergic reactions
3 Delayed neuro scnsilivilv
4 Behavioral changes
5. Effect on reproductive system
6 Respiratory failure
7 Effects on immune system
8 Cataract formation
9 Loss o f  memoryJ
10 Carcinogenic changes

(Babu and Rao, 19% )



Presence o f  Veterinary Drugs in Foods
Veterinary drug means any substance applied or  administered to any food- 

producing animal such as meat or  milk-producing animals, poultry, fish or bees, 
whether used for therapeutic, prophylactic or diagnostic purposes or  for modification o f  
physiological functions or  behaviour

Anti microbial veterinary drugs are mostly used for treatment purposes, 
prophylactic purposes and also as feed additives to promote  growth, enhance feed 
acceptability, improve feed efficiency and breeding efficiency. The  indiscriminate use 
o f  these drugs has led lo occurrence o f  residues in various food products o f  animal 
origin. Drugs most commonly involved in residues include streptomycein. penicilin. 
sulfasmetha/.ine and oxytetracyclme in a study conducted by FDA.

Residues  o f  d ru g s  in foods a re  found to have  m a n y  public  h ea l th  risks

A) Antibiotics such as pemcilins and cephalosporins have the potential for acute 
allergic reactions
b) Chloramphenicol is associated with apalasia o f  bone marrow
c) Emergence o f  antibiotic resistant bacteria in animals and transfer o f  resistant genes lo 
human pathogens
d) They are found to interfere with human gut microllora
e) Com pounds  such as mlrnfurans have been found to he carcinogens
f) Tetracvclins and its derivatives causes minuino depression, plwio toxicitv
g) Sulphonamidcs may induce thyroid adenoma and hvpeiplasia in lad animals (Lee 
ct al. 2001)

M e a s u re s  to p re v e n t  chem ica l  h a / a  ids

Use only approved chemicals o f  acceptable purity 
Have detailed product specifications for chemicals entering plant 
Maintain letters o f  guarantee from suppliers especially for food grade ingredients and 

packing materials 
Inspect vehicles / containers used to ship finished product 
Properly lahel and store all chemicals 
Use and store pest control chemicals with due care



is

•> Properly train employees w ho handle chemicals.

FOOD QUALITY' AND CONTROL MEASURES

Quality o f  foods can be defined as the composite o f  those characteristics that 
differentiate individual units o f  a product and have significance in determining the 
degree o f  acceptability o f  that unit by the buyer (Premavalli, 2000). Food quality can be 
considered as a complex characteristic o f  food that determines its value or acceptability 
to consumers. Besides safety, quality attributes include: nutritional value: organoleptic 
properties such as appearance, colour, texture, taste; and functional properties.

In our country quality standardization systems have come in to force for 
regulating food manufacturing operations Two categories o f  standardization systems 
compulsory legislations and voluntary standards are formulated in India

S T A N D A R D I Z A T I O N  S Y S T E M S  IN INDIA

The laws are governed In numerous legislations and implemented b> various 
ministries Indian food laws are uiven below

Act / Order M ode  o f  operation Regulations
4 J

Special features
I .C om pu lso ry Mimstrv o f  1 leallh i t Makes provision for Minimum quahtv standard

legislation: Family Welfare prevention ol adulteration of Fnsures safety- against harmful
1 Prevention Directorate (icncral of food impurities, adulteration.

o f  Food Health Services Adulterated, misbranded, not M andatory .
Adulteration in accordance w illi the Non-following o f  PFA Act

Act conditions o f  License shall leads to line and imprisonment
f 1954(PFA Central Committee for be prohibited for selling

Act) Food
Standards

Proprietary foods shall 
specify the ingredients in the 

product in the descending 
order o f  their composition o f  

the label



IA. Atomic 
Energy Rules 
1991 (Control 
o f  irradiation 

o f  food)

1B The infant 
milk 

substitutes, 
feeding 

bottles and 
infant foods 

(Regulations, 
production, 
supplv and 

distribution) 
Act. 1992

Dept, o f  Atomic 
Energy'

Ministry o f  Health & 
Family Welfare 

Directorate General o f  
Health Services 

Central Committee for 
Food 

Standards

Regulates the irradiation 
application in foods. 

Certification with the dose & 
purpose is insisted upon.

Regulate the production, 
supply and distribution o f  

infant products

Certificate o f  irradiation 
indicating the dose & the 

purpose shall be provided by 
the competent authority.

Rules to exercise the powers of 
Act. 1992

2 Essential 
Commodity 
Act 1954 
2 1 Fruit 
Products 
Order (FPO) 
1955

Ministry o f  Food

Mimstrv o f  Food 
Processing Industry 

Central Fruit Products 
Advisory Committee

Ministry’ o f  Civil

Reuulate the commodities 
manufacture commerce and 

distribution 
Regulates the nuiuifactuie 
and distribution o f  all fruits 

and \ egetahle pnulucts

Licence shall he issued after 
the satisfaction o f  quality o f  

product, sanitations, 
personnel, machinery, 

equipment and work area 
requirements as per the 

schedule specified

Formulations o f  other 
suborders for casv 

implementation

1 iccnsmg authority T P O ‘ 
standaid maik shall be 

imprinted on the products



2.2SoIvent 
Extracted oils, 
Deoiled meal 
and Edible 
Flour Control 
Order, 1967

Supplies Regulates the production and 
distribution o f  solvent 

extracted oil, deoiled meal, 
edible flours. Specifications 
o f  the products provided.

2.3 Vegetable Ministry' o f  Food and* Regulates the production and Supersedes the vegetable oil
oil products Consumer Affairs distribution o f  all the edible products (Control) Order. 1947
(Regulation) oils. and vegetable oil products
Order, 1998 Specifications o f  the products 

provided
(Standards o f  quality) Order. 

1975.

2 4 Meat Food Ministry o f  Food &• Regulate the manufacture.
Products C m l quality and sale o f  all meat

Order. 1975 Supplies 
Directorate o f  
Marketing & 

Inspection

products

2 5 Sugar Ministry o f Regulates the manufacture.
(Control) 
Order. 1966

Agriculture ;ind 
Irrigation

V -X

Department of Sugar

quality and sale o f  sugar

2 CExport Ministry o f  Commerce Regulates compulsory, prc-
(Quality Export  Inspection slnp-mcnl inspection A G M A R K  has been
Control & Council 5 Regional Exportable Commodities list recogm /cd  ax an agent for
Inspection) Export Inspection has been notified for prc- inspection and quality control
Act, 1963 Agencies 

Network  o f  50 Offices
shipment inspection Quality 

control o f  various export 
products is monitored

o f  certain items



|2.7Standards Ministry o f  Food & Prescribed the conditions for Protecting the consumer in
on Weights Civil Supplies packed products  with respect general In’ guaranteeing the
and Measures Directorate o f  Weight to quantity’ declaration. quantity7 for the amount paid.
Act 1976 and Measures manufacturing date and sale

pnce.

Ministry’ o f  Food and* Provision made for the Protection o f  the interest o f
2.8The Civil establish-ment o f  consumer consumer.
Consumer Supplies councils and other authorities
Protection for the settlement o f

Act 1986 consumer disputes.

II V o lu n ta ry
S ta n d a r d s

I

I Agricultural Directorate o f Prescribed the conditions for AG M A RK Certificate System
Produce Marketing and Grade Standards are
(Grading & Inspection prescribed lor Agricultural
Marketing) and Allied Commodities
Act. 1937 Grading, sorting as per

qualilv attributes and
inspection are included

2 Bureau o f Indian Standards Prescribing ol ( irade General c o \ e r  on hy gienic
Indian Institution Standards. Formulation of conditions o f  manufacture, raw
Standards Standard Specification o f material quality and safety are

foods. Prescribing standards g i \en
for limits o f  toxic compounds Quality & Safety oriented

as applicable standard
Fn forces certification system



INTEGRATED FOOD LAW
The  latest report  by the industiy where by it is proposed to converge all the laws 

relating to food quality and safety’ in a  single integrated food law (Chanda, D.S., 2004). 
It has been provided to government and group o f  ministries constituted by government. 
Integrated food laws calls for the constitution o f

1.Food R egulatory  A u th or i ty  o f  India (FRAI)

T o  set up rules and working guide lines to defeat standards lo notify list o f  
registered independent certified agencies, to notify accredited laboratories encourage 
adoption o f  food quality assurance system i.e , GHP. GMP, HACCP etc

2.Counci l  o f  Food S tand ards

To be constituted under a chairman o f  eminence in the field o f  food science and 
technology with a total o f  1 1-1  ̂ members ol the council sueh a council to formulate the 
mmimum food safely standards essential compositional standards, for selected food 
items and guidelines lahelmg

3 . Food S ta n d a rd s  A dm in is tra t ion  System  (I SA).

The states under the overall supervision o f  the central government will do this 

I N T E R N A T I O N A L  F O O D  S T A N D A R D S

T w o organizations namely. International Standards Organisation (ISO), and Codex 
Alimentarius Commission (CAC) arc working al the international level

C o d ex  A l im en ta r iu s  C om m iss ion  (C A C )

The term codex alimentarius is taken from lalm and means food code Codex 
alimentarius commission was established to develop agreements on international 
standards and safety practices for foods and agricultural products  The codex sets the 
minimum quality, safety and hygienic standards that countries voIuntariK adhere to



importing and exporting food products. The  codex contract  points in India is the 
Directorate General o f  Health Services (DGHS) in the ministry o f  health however 
ministry o f  food processing industries is closely associated with the activities ot codex 
al imentan us-

13 esides, standards belonging to a common subject group have been grouped and are 
available in separate volumes o f  codex alimentarius volumes contain general principles, 
general standards, definitions, codes, commodity standards, methods and 
recommendations

H A C C P -H a z a r d  Analys is  And Critical Control  Point

HACCP is a food safety management system, is a science based system which 
systematically identifies specific hazards and provides measures for their control lo 
ensure safety o f  food (Soharb. 1

HACCP is an efficient and preventive quaht\ assuiance method providing not only 
food safetv. but also minimization o f  waste and pollution of  environment Even though 
may developed countries are enforcing HACCP as mandatorv requirement id" food 
production and processing, Indian union and state government are vet to introduce 
HACCP as an essential criteria for our food processing industries as well as a hotel 
industry

Hazard analysis and critical control point has become incrcasinglv important for 
all food business as an effective means o f  ensuring food safetv and as a means of  
complying with new legislation This approach is based upon the recommendations of  
the W H O  and FPO and the codex alimentarius commission The H A C C P concept was 
developed in the 1 % 0 's  as a system to ensure the safety o f  food products The HACCP 
can he defined as a system, which identifies, evaluate and control hazards, which are 
significant for food safety. HACCP principles apply to microbiological, chemical and 
physical hazards associated with foods hut are most widely applied to microbiological 
hazard because they are leading cause o f  food borne diseases 
(Dhat ct a! 2000)



HACCP have developed a series of seven principles on steps

1 .Hazards associated with growing, harvesting, raw materials, ingredients, 
processing, manufacturing, distribution, marketing, preparation and consumption 
o f  a  given food are each assessed in detail. Different areas o f  contamination are 
measured. This includes both incoming ingredients as well as finished product.
2 .Critical control points for controlling each hazard identified above are 
determined. Control o f  these points must be maintained in order to ensure the 
safety o f  the products
3.After each critical control point is identified, the limits on that point must 
defined
4 Specific procedures for monitoring the control point must established
5 The next step is establishing an action plan for taking correctlye action when 
monitoring indicates that the critical control points limits have been exceeded
ft It is important that the entire HACCP plan be thoroughly documented It 
involves keeping o f  all records o f  measurements o f  all critical control points 
7 Finally, it is important to h a \e  procedures for \erifymg that the HACCP plan is 
being followed and it is working according to plan

H A Z A R D S  A N A L Y S IS  AND C R I T I C A L  C O N T R O L  P O IN T S
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Pre-requisites of HACCP

The G M P and SSOP are known as the com er  stones o f  food safety and quality and are 
two o f  the prerequisite programs required for successful implantations o f  HACCP plan.

l.Good manufacturing practices (GMP)

Any food processes under unsanitary conditions is considered adulterated because the 
food may be contaminated with filth or substances that could render the food injurious 
to health. The current good manufacturing practices and regulations were issued to help 
to prevent theses problems

G M P  includes

Facili ties-the establishment should he located constructed and maintained according to 
sanitary design principles There should be linear product How and traffic control lo 
minimi/e cross contamination from raw to cooked materials
Personnel-  the plant management should take .ill reasonable measures ;ind precautions 
to ensure Disease control, cleanliness, education .ind training o f  personnel employed 
in the organization

S a n i t a r y  facilities an d  control-This includes general maintenance o f  facilities, 
cleaning and sanitation of surfaces, pest control etc plant shall he equipped with 
adequate sanitary facilities and accommodations The plant should have adequate 
supply o f  water, good plumping, efficient sewage, disposal toilet facilities, hand 
washing facilities etc

E q u ip m e n t  and utensih-This  include Ihc design, specification ami cleaning methods 
o f  all equipments and utensils installed for production

Process control-All operations including receiving, inspecting, transporting, 
segregating, preparing, manufacturing, packaging and storing o r  food should be 
conducted in such a way that it does not lead to contamination



Personal hygiene-All employs and other persons who enter the manufacturing plant 
should follow the requirement for personal hygiene.

Training-All employees should receive documented training in personal hygiene, 
GMP, cleaning and sanitation procedures, personal safety and their role in the HACCP 
p rog ram

Chemical contro l-D ocum ented  procedures must be in place to assure the segregation 
and proper use o f  non-food chemicals in plants These include cleaning chemicals, 
fumigants and pesticides or baits used in or around the plant

Trace ability and recall - all raw materials and products should be lot coded A recall 
system should the in place so that rapid and complete traces and recalls can be done 
when product retries al is necessan.

Pest control-CfFcctivc pest control programmes should be in place 

S a n i ta t io n  s t a n d a r d  o p e ra t in g  p roced u res  (SSOP)

SSOP develop the basis for maintaining a food facilitv that has a cleans, samtarv 
environment that is free o f  food hazards



Benefits o f  HACCP

v Reduces contamination 
Reduces product  destruction 
Provides market protection 
Provides preferred supplier status
Demonstrated conformance to international standards and regulations 

requirements and overseas markets
❖ Transforms commodities into branded products
❖ International acceptance

(Sarkar cl al.. 2005)

• •

• •

LSQ900 series s tandards

It has found in 10-10 ISO consist o f  approximately 00 member countries at 
present ISO is responsible for the promotion and development o f  international 
standards and related activities, including conformity assessment such as testing, 
inspection. laboratory. accreditation, certification and quality assessments 
ISOOOOOseries standards provide the requirement lo which organization desirous of  
certification must conform One ol the important aspects o f  the ISO regisliation process 
is lo verifv whether the unit seeking registration is indeed doing what is being claimed 
in its quality manual Ihe  process should begin with familiaii/ation wiib the standards 
followed bv an assessment o f  Ihe current qualitv assurance svstcm

ISO certification is a base line model lor qualitv assurance Concerning a new 
approach towards technical harmonization and standardization, the European committee 
has adopted X modules Companies exporting am of the products covered under the 
directives will need to conform to the requirements of applicable module
a) Manufacturer 's  self declaration o f  conformity
b) EC type examination
c) EC declaration o f  conformity to type
d) Production quality assurance
e) Final inspection and testing
0  Product verification
g) Unit verification by F.C



I f  a  company is exporting to the European Union, a product  covered under one o f  the 
directives, which require conformity with the above modules. ISO technical committee 
176 published in 1987 and updated approximately 5 documents whose focus is quality 
assurance systems.

National food control system suffer serious inadequacies including
■ They are not based on m odem  scientific management concepts using 
compliance policies, risk assessment, HACCP, etc.
■ In sufficient involvement o f  scientific expertise from the academia, industry, 
consumers to strengthen the scientific basis for food control decision making processes
* Lack o f  suitable facilities such as laboratories
■ Lack o f  resources such as trained inspectorate and laboratory staff, funding
■ Inflexibility o f  the system making it difficult lo cope with de\e lopm ents  in food 
science and technology, changing consumer demands, and newer requirements o f  trade 
and industry
■ Lack o f  coherence among different governmental activities concerning 
agriculture, food, trade, industry and health

C onclus ion

All most all countries have food control svstcm to piotevl their populations against 
unsafe adulterated or otherwise poor quality food In developing countries large 
quantities o f  food pass through a multitude ol lood handleis and middleman extending 
the food production, processing storage and distribution chain, control is more difficult 
and there is greater risk o f  food contamination and adulteration Access to good qualitv 
food is a basic right that should he ensured by the nation Ensuring safe food with out 
contamination, absence o f  toxins and pathogens, to the consumers is a global challenge, 
which requires in depth technology and research
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Discussion
I .Whal is organic foodTWhat are the advantages o f  organic foods?
Ans: Organic is a  labelling term that denotes products  that have been produced in 
accordance with organic production standards and certified by a duly constituted 
certification body o r  authority. Organic agriculture is based on, avoiding the use o f  
synthetic fertilizers and pesticides.
It ensures safe food with zero contamination 
2 Which is the most common type o f  contamination in foods?
Ans: Biological contamination
3.What are the health hazards caused by the usage o f  Aluminum foils in food 
packaging7
Ans Aluminium can leach out in lo food from foils and containers made out o f  
aluminium. Aluminium toxicity can cause demensia. osteodystrophy, and Alzheimer's 
disease
4 Is there any quality standards for Aurevedic drugs7
Ans There is no quality specifications for aurevedic drugs and health care products
5 Which all industries follow II \C'CP regulations ’
Ans All leading sea food industries follows H AC C P Major food exporting companies
are also follows this regulation
ii Is there any specified standards for mineral water7
Ans Mineral water is provided with ISI standards
7 What is mean hx leavening agent7
Ans leavening agents are used to incorporate caibon dioxide in dough, batter 
etc Eg yeast
8. What is your opinion about the future perspective o f  food safely and qualitv7
Ans International quality standards and specifications arc now implemented mainly in 
export oriented industries But the local market is still in very pathetic situation 
Implementation o f  quality standards from the very grass root level, onl\ ensure food 
safety to all Then only the nation's health status will improve
9. What are the quality standards for GM foods in India?
Ans Not specified yet in India
10 Are there any standards in India, which are followed by exporters and importers7 
Ans All manufacturers o f  processed foods follows the quality standards and 
specifications, recommended by Indian food laws



1 l .H o w  a consumer knows whether the manufacturer is having HACCP?
Ans: By examining the logo o f  HACCP.
12.Name a  disease recently came in to news that caused by the consumption o f  beef 

meat?
Ans: Anthrax



A BS'i K A L  1

A c c e s s  to g o o d  qua l i ty  food  has  been  m a n ' s  e n d e a v o u r  f rom  the earl iest  days  
o f  h u m a n  ex is tence .  Safe ty  o f  food  is the basic  req u i rem en t  o f  food  quali ty .  F ood  
safe ty  is the a s su ran ce  that  d a m a g e  or  in jury  f rom  the use o f  a food su b s tan ce  is 
im poss ib le .  F oo d  sy s te m s  in d e v e lo p ing  coun tr ie s  are not a lw ay s  wel l  o rg an ized  and  
d e v e lo p e d  as in the industr ia l  world .  T h e re fo re  peop le  in d e v e lo p in g  coun tr ie s  are 
e x p o s e d  to a w ide  range  o f  potent ia l  food qua l i ty  and  safety  risks.  P ro d u c in g  good  
qual i ty  and  safe  food is a p re -requis i te  to successfu l  and  sus ta inab le  d e v e lo p m e n t  o f  
nat ional  agr icu l tu ra l  resources ,  dom es t ic  and in ternat ional  food trade (P rakash .  2003).

C o n s u m p t io n  o f  unsafe,  c o n tam in a ted  food leads to food bo rne  d iseases ,  
w h ich  cau se  co n s id e rab le  m orb id i ty  and m orta l i ty  ( R ag h u ram a ia h .  2001 ). T o  increase  
the food p roduc t ion ,  use o f  svn the t ie  fert i lizers,  pest ic ides,  and he rb ic ides  b e c a m e  
inevi table .  T h e  use and  abuse  o f  the^e synthet ic  ch em ica ls  results  in ch em ica l  
co n ta m in a t io n  o f  food, w h ich  is a ser ious  public  heal th  p rob lem  (Rao,  2002).

Q ua l i ty  o f  foods can be def ined  as the co m p o s i te  o f  those  charac te r i s t ic s  that 
d i f fe ren t ia te  indiv idual  units  o f  a p roduct  and h a \ e  s ign if icance  in d e te rm in in g  the 
d eg ree  o f  accep tab i l i ty  o f  that unit by the buyer  (P rem av n lh .  2000).  In our  c o u n l r s .  
qua l i ty  s tandard iza t ion  sys tem s  have c o m e  into force for regu la t ing  food 
m an u fac tu r in g  opera t ions .  T w o  ca tegor ies  o f  s tandard iza t ion  sy s tem s ,  c o m p u l s o n  
leg is la t ions  and  vo lun ta ry  s tandards  arc fo rm ula ted  in India Two o rg a n iz a t io n s  viz. 
In ternational  S tan d a rd s  O rgan isa t ion  (ISO),  and C od ex  A l im e n ta r iu s  C o m m is s io n  
( C A C )  are w o rk in g  at in ternat ional  level. The C o d e x  G enera l  P r inc ip les  o f  Food 
H y g ie n e  has  r e c o m m e n d e d  a H azard  A na lys is  Crit ical  Contro l  Point  ( H A C C P )  based 
a p p ro a c h  as a m e a n s  to en h a n c e  food safe ty  (Sohrab .  101)1)). I n su r in g  safe  food with 
out  co n tam in a t io n ,  absence  o f  toxins ,  and  p a tho g en s  to the c o n s u m e r s  is n global 
cha l lenge ,  w h ich  requ ires  in dep th  t e ch n o lo g y  and  research.



DIET AND DIABETES

By 
Sharon,C.L. 
(2004-24-02)

P h .D  H o m e  S c i e n c e  
(F o o d  S c i e n c e  and N u tr i t i o n )

SEMINAR REPORT

Submitted  in partial fulfil lment for the requirement o f  the 
Course  No. 11 Sc 751, Sem inar  (0+1)

D E P A R T M E N T  O F  H O M E  S C I E N C E  
C O L L E G E  O F  H O R T I C U L T U R E  

K E R A L A  A G R I C U L T U R A L  U N I V E R S I T Y  
V E L L A N I K K A R A - 6 8 0 6 5 6  

T H R I S S U R ,  K E R A L A ,  IN D IA
2005



D E C L A R A T I O N

I, Sharon.C.L.(2004-24-02) hereby declare that the seminar entitled “ Diet and 
Diabetes" have been prepared by me, after going through the various references cited here and 
has not been copied from my fellow students.

Vellanikkara Sharon.C L
(2004-24-02)



'-U -

C E R T I F I C A T E

This is to  certify that  the seminar  repor t  titled “ D I E T  A N D  D I A B E T E S ” has 
been solely p rep a red  by Sharon ,  C L (2004 -  24 -  02),  un d e r  my gu idance ,  and has not 
been copied  from any seniors,  jun io rs  or  fellow s tu d e n t ’s sem inar  reports .

1 > V -

Vellanikkara  Dr V Usha
Date  M ajor  advisor

Associa te  p io te s s o r  
Depar tm en t  o f l l o m e  Science 
Vellanikkara 
I hrissur



CONTENTS

S I .N o . T i t le P a g e  No.
I. In t roduc t ion 1
2. P reva lence 1
3. W h a t  is d iabetes 2
4 Definit ion 2

I 5I T y pes 4
6 Diattnosis 10
7 A etio logy/R isk  factors o f  diabetes 15
8 M etabo l ism  in diabetes 19 :

1

9 C om plica t ions 19 j

10
I

T re a tm e n t 2o I

i I I Diabetic  diet prescript ion 3 0

I 1 21 Dietary  guidelines 30
n

I- i
Conclus ion

^  ____ —  - _

•IS
j

r 14 References
,—  —  ------  -  -----  .  - -------- -—  ----------- —  -------- --------------------------------------

so
1 ------------------------- --------- -------- -----------------

15 Discussion s 3
16 Abstrac t



D IE T  AND D IA B E T E S

1. INTRODUCTION

Diabetes mellitus or ‘MadhumehairT has been known for centuries as the 
disease related lu sweetness. Persons with diabetes have sugar in their blood and 
urine However there is no need to worn,-, as diabetes can be kept under control with 
certain changes in the life slyle -food intake, exercise and the regular intake o f  the 
prescribed medicines Even though more than 30 million people all over the world is 
affected with diabetes not all are well informed about the nature o f  their disease

2. PREVALENCE

Diabetes mellitus is a heterogeneous disorder o f  multifactorial origin o f  
which man', sub types are present There is every reason to suppose that diabetes 
will remain a threat to public health in this 2 ' ion era and beyond Demographic and 
epidemiological evidence suroe'.ts that in the absence o f  effective intervention 
diabetes will continue to incie.be m frequency, worldwide According to WHO. the 
number of  people with diabetes throughout the world is expected to double In 2030 
(Wild. 200-1)

Man*, developing countries including India are facing maior challenge of  
adult marbidii*. and mortalilv due I" various diseases with particular reference to 
diabetes m-’lhlu. Diubele. is one ol the b’.idin" cu ires  ol death and it ranks 3 rd 
among chronic diseases (Henna it til . r>'»7) Diabetes in India will inciease bv 5‘)°„ 
compared to 31%  in other Asian countries bv 202^ (Agarwal. 2001) Indians have 
the highest prevalence o f  diahetes among lhe Asian countries (ADA, 2003)

Surveys showed that diabetes was as common in urban India as among 
migrant Indians (Ramajya cl a l , 1000) India already has the highest number o f  adult 
diabetes cases (33 million) and this number is expected lo rise to e»7 million by 2020 
and 37 2 by 2023 (Narayanan cl a l , 2000) It is believed that diabetes is more 
prevalent in affluent societies where obesity is a major health problem However, it 
has been observed that undernourished subjects are equally susceptible to diabetes



In India. 2-4% o f  the population is affected with diabetes, and more than 90% o f  all 
diabetics belong to the non-insulin dependent type.

In southern Kerala, the overall crude prevalence o f  N ID D M  is 59%  highest in 
urban 12.4% followed by midland (8.1%), highland (5.8%) and coastal (12.5%) 
regions (Kutty et al., 2000).

3. WHAT IS DIABETES?

We require energy for our daily activities This energy is mainly derived 
from carbolwdrates When we eat carbohydrate in our diet, our blood sugar 
increases If it rises bevond IKOme'lOi) ml. suear is excreted in the urine Normally 
insulin, a hormone produced by the beta- cells o f  the pancreas help to utilize sugar 
for the production of  energy b> the bodv It helps in glucose uptake bv the cells, 
prevent! a rise in hlood sugar and maintain! its level with in certain normal limits In 
diabetes, the pancrea cannot produce enough insulin or what is produced is not 
effective in controlling the blond sugar, this allecls the metabolism of several 
nutrients, with varvmg ill elfects

t. DEFINITION

Diabetes (mcdicallv known as Diabetes melhlus) is the name m e n  to 
disorders m which tin* hodv ha; trouble legulalmg its own blood glucose or blood 
sugar levels (Ierre.it. I )

Diabetes mellitus is a chronic metabolic disorder that prevents the body to 
utilize glucose completely or partially It is characterized In raised hlood glucose 
concentration in the hlood and alterations in the ( 'arbohvilrates, protein and fat 
metabolism (Sreelakshmy. 2000)

Diabetes mellitus (diabetes = flow through, mel - honev) is a chronic 
metabolic disorder with strong hereditary bases, associated with high blood sugar 
and usually with passage o f  sugar in the urine (Antin and Abraham, 2000)



5. TYPES (CLASSIFICATION)

The new classification encompasses both clinical stages and etiological types 
o f  diabetes mellitus and other categories o f  hyperglycaemia. It contains stages, 
which reflect the various degrees o f  hyperglycaemia in individual subjects with any 
o f  the disease processes, which may lead to diabetes mellitus.

All subjects with diabetes mellitus can be categorized according to clinical 
stages, and this is achievable in all circumstances. The stage o f  glycaemia may 
change over time depending on the extent o f  the underlying disease processes. The 
disease process may be present but not have progresses far enough to cause 
hvpergKcaemia The aetiological classification reflects the fact that the defect or 
process, which may lead to diabetes, may be identifiable at any stage in the 
development o f  diabetes even at the stage o f  normoglycaemia.

The most widely accepted classification o f  diabetes mellitus was published 
by W HO in lost)  (WHO, lOXoj .md modified form in 10X5(WHO, 1()!S5) According 
i<» tin ..there are mamlv  ̂ l\ p e .

1 ) In . i j  I in dependent d iahe te . mellitu III )I)M ) 
a) K e to s i . prune
h ) Keb > a . re a .lant
c ) With panereatic calculi

2) Non-insulin Dependent Diabetes mellitus (NIDDM)
G Malnutrition related Diahete. mellitus (MKDM)

a) Fihrocalculmir. Diabetes Mellitus (l ( DM)
b) Protein deficient Diabetes Mellitus (PDDM)

-I) Impaired glucose tolerance (IGT)
5) Gestational Diabetes Mellitus (GDM)

5.1. T Y P E  I or Insulin Dependent Diabetes Mell itus ( ID D M )

In insulin dependent diabetes mellitus, also known ns jm en i le  onset, patients 
depend on insulin Hie onset is usually sudden and occurs in the younger age group
(l<) 12 \rs)  or during adolescence and there is an inability o f  pancreas to produce



adequate amount o f  insulin. This may be caused by viral infection or due to auto 
immunity. Viral infections can cause destruction o f  P cells. The antibodies 
developed destroy the p cells. Autoimmunity as the body destroys its own P cells 
because they appeared to be foreign.

The child is usually underweight. Ketoacidosis is common. Due to damage o f  
the p cells o f  the pancreas, insulin levels are very low. Such individuals require 
insulin for survival. The symptoms get severe when insulin is discontinued.
This type can be further classified in to three

a. Ketosis-prone
These are especially seen in the west Usually the diabetes is o f  sudden onset 

after a viral infection, with circulating antibodies to islet cells Patients are prone to 
lapse in to coma
b. Kcto\ls —re\l\tant

These are common in the tropics, originally discovered in Jamaica and 
labeled J'  t \pe. they are also seen in India
c. W ith pancreatic calculi

Young diabetes of this tvpe is commonly seen in south India with intermittent 
abdominal pain On plain \-rav of  the abdomen, stones are seen in the pancreatic 
duct

Svm ptom . ol tvpe I are ea a  to idenlilv because lliev are specific and severe and 
because Ihev usual!-, start m otherwise healths childien and \o u n g  adults lhe  child 
or adult becomes tired, vers thirsts and starts to urinate frequently during the day 
and night, even though the person eats more, he or she loses weight

Once the attack has dcslroved the p cells life depends on replacing natural 
insulin Good health depends on how well this is done Insulin is ideally given to act 
at the same tune and in the same amount as the pancreas normal release of  insulin 
Hence insulin injections mimic the pancreas tvpe I diabetes turns out to be a very 
manageable disease



1) Polydipsia (Increased thirst)
2) Polyuria (Frequent urination)
3) Polyphagia (Increased hunger)
4) Excessive tiredness
5) Irritability
6) Weight loss
7) Abdominal pain 
X) Dehydration
0) Nausea 
lu)  Vomiting

Clinical laboratory test data re\eal
1) C ihcosuna
2) Hvperglscaemia

As it onset is abrupt, most often the diagnosis of  IDDM is made when the 
pitieni first lime develops ket 'ueido.us

5.2. T Y P E  II o r  Non-insulin  Dependent  Diabetes Mell i tus (N ID D M )

Non-insulin dependent diabetes or the adult onset diabetes is non-insulin 
dependent form and develops slowly and is usuallv milder and more stable Diabetes 
mellitus type II is a multil 'adur disease involving genetic predisposition and various 
environmental factors (Keen ct <il . I' 'X2)

In NIDDM insulin mas be produced hv parnicas  but the action is impaired 
Nearly ri0-')5°n of  all patients with diabetes belong to this category NIDDM has its 
onset after 40 yrs o f  age and affects over weight or obese persons, particularly 
affects normal or under nourished subjects

Unlike in IDDM. the Insulin varies in NIDD M  Hies .ire either normal or 
above normal Therefore, persons with NIDDM rarely develop ketoacidosis except 
under conditions o f  starvation, infections, injury, burns anil surgerv Marked 
peripheral insulin resistance and impaired ((cell function both contribute lo



hypeTglycaerrua in these patients. Since insulin secretary' capacity is present, though 
diminished, these patients can be managed with oral hypoglycemic agents

S y m p to m s  o f  N ID D M

Type II diabetes usually begins gradually and progress slowly. Many people 
have no signs or symptoms. Symptoms can be so mild that you might not even 
notice Symptoms include;

1) Polydipsia (Increased thirst)
2) Polyuria (Frequent urination)
3) Polyphagia (Increased hunger)
4) Fatigue
y ) Blurred \ is ion 
*<) 1 'suaJly over weight
7) In women, vaginal veast infections or fungal infections under the breast or in the 
groin
8 (Severe gum problems 
'ii Itching
Id) Impotence in men
I I ) I nu ,u. il ,en .at m i l .. such a . tun'I mg m humui" m the extremities
12) Ketoacidosis develops rarely except under stressful conditions such as starvation, 
infections, iniurv. hums and surgery
13)1 Ivperglv cncmia

Difference between II)DM nnd NIDDM

ID DM NIDDM
1 Inflammatory reaction in islets
2 Islet ft cells destroyed
3 Islet cell antibodies
4 Not directly inherited

No msuhtis 
ft cells function 
No islet cell antibodies 
Strongly genetic bias



5.3. M a ln u t r i t i o n  Related  Diabetes Mell i tus  (M R D M )

Malnutrition- related diabetes is mainly seen in some tropical countries like 
India and it occurs in young people between 15-30yrs o f  age. Generally people with 
M RD M  are lean and under nourished (Sanjeevi at al., 1992). In this type o f  diabetes, 
the pancreas fails to produce adequate insulin. As a result these diabetes require 
insulin. In contrast to type I diabetes these patients generally do not develop 
ketoacidosis, when insulin injections are discontinued.

MRDM  includes two types 
a  FibrocalculousPancrealicDiabetes(FCPD) 
b Protein Deficient Diabetes Mellitus (PDDM)

a. F ib roca lcu lous  p an c re a t ic  diabetes  (FCPD)

As the name implies, fibrosis and calcification o f  pancreas are observed As a 
result o f  pancreatitis, abdominal pain is common Exocrine function is also affected 
Since this tvpe ol diabele is found to be common 1 1 1 area o f  cassava and tapioca 
consumption these have been implicated in the aetiopathogcnesis of  FCPD It is 
claimed that Im.unarm, a c\anngemv elvcoside, present m cassava or tapioca m 
association with malnutrition could he responsible lor I ( T P  However it is observed 
that Ff 'PD is present m areas an h as Madras, wheie cassava is not a ma|oi food In 
addition, surprisingly 1(1*1) is n o t  endemic m all cassava consuming areas 
Therefore though cassava hypothesis is attractive, it fails to explain such 
contradictory findings It is also suggested that m under nutrition deficiency of 
sulphur containing ammo acids and antmxidanls such as b carotene, vitamin F. 
selenium and /inc. free radicals may cause pancreatic injury leading to FC’PD

b. Protein Deficient Diabetes Mellitus (P D D M )

Delieiency o f  proteins and micronutnents without significant involvement o f  
food toxins may produce PDDM Inspite o f  requiring large quantities o f  insulin, the



relative resistance o f  these patients to ketosis have been explained on the basis o f  
presence o f  residual P cell function and low glucagons levels.

Possible mechanism of diabetogenisis in chronic under nutrition
(Sreelakshmy, 1993)

Prolonged under nutrition from early childhood

Pane P cells Impaired glucose tolerance Metabolic adaptation

Reduced no & si/e 
Low insulin Output

Environmental toxins

Exocrine pancreas 
Fibrosis, calculi

Contd Under nutrition

T
Dialvles

GU. Cortisol, 
glucagons
I

Insulin sensilivil\
Lo >ine del

Ketosis resistant 
I ligh insulin requirement

5.4. Impaired g lu m sc  tolerance (IGT)

IGT refers to a metabolic stale intermediate between normal glucose 
homeostasis and diabetes When the glvcnemic response after the administration o f  a 
75 gm o f  oral glucose load is intermediate between normal and diabetic, the 
condition is called as IGT Individuals with IGT are generally free from symptoms 
o f  diabetes However they have the potential to develop diabetes at a later stage 
They should be more careful in their diet and aid obesity In addition thev should 
undertake regular exercise



It is estimated that nearly 13-15% persons with IGT develop diabetes in 
lOyrs with a rate o f  progression o f  1-5% per year. The prevalence o f  IGT in Indian 
population in the age group o f  30-64 years varies between 7 and 10%.

5.5. G es ta t io n a l  d iabe tes  (GD)

Gestational diabetes is an elevation o f  blood sugar during pregnancy. 
Ovarian and placental hormones reduce insulin sensitivity and as a result insulin 
requirement goes up in pregnancy and if  there is no adequate compensating function 
o f p  cells, gestational diabetes result.

Diabetes is eliminated to occur in 2-3% o f  all pregnancies o f  which 90% are 
cases o f  gestational diabetes while rest 10% are established diabetes (Type I or
II)(Geo I ct i i l . 1 ‘>‘>5)

GD is form o f  type II diabetes that begins during pregnancy, often near the 
end o f  the second trimester or during third trimester. GD increases the diabetes 
related complications during pregnancy and also is subsequent development o f  real 
diabetes after the deliver. There i . convincing evidence that mild maternal 
hvperghcaemia is a r id  factor Inr foetal morbidity. but occurs only in a minority 
eases fai lure to re i -w m /e  and treat the condition will ic>ull in unnecessary 
morbidity in some pregnancies, where ;l> overly aggressive approaches lo detection 
and treatment will re ult in unneeded interventions in mam others (Mel/yer and 
Cnustan. IbOX) Pregnant women who have familv historv o f  diabetes oi bad 
obstetric hi.tore hould be '.creened lor ee la l ional  diabetes

fi.DIAGINOSIS

Detection of early diabetes

All adults should have their urine examined for sugar twice a year and more oflcn if

1 Any blood relation has diabetes
2 I here is sudden increase in weight 
1 There is unexplained weight loss
1 Frequent urination al night



5 Recurrent skin infections
6. W ound doesn’t heal 
7 Children are over weight at birth

6.1. R a n d o m  blood su gar

In many cases diabetes can be diagnosed by a single blood estimation, which 
may be used A random blood glucose exceeding 200 ml/dl or a fasting blood sugar 
higher than 120mg/dl is an indication o f  diabetes.

According to WHO recommendations in a patient with overt symptoms of  
diabetes, a fasting or random plasma glucose measurement is often sufficient lor the 
diagnosis o f  diabetes

6 .2 .O ra l  glucose to le rance  test (O G T T )

The WHO Expert committee on diabetes recommends OGTT as a 
confirmatory test of  diabetes This test i  ̂ carried out after 12 hours o f  over night 
fa,ting 75 gm of glucose in adult,  and 1 75gnvkg body wt in children up to a 
maximum of 75gm r; m e n  orallv .All medications should be stopped for atleast 3 
dav. before the test The fasting blood sample is drawn Blood sample collected after 
2hr after administration ol glucose

fhe d ia g n o a ,  criteria l>u diabetes and impaned glucose toleiance test l lGT) 
are gi\ en below

Blood sugar lev els (mg HI)
IGT

—— . — — . - - 
1 )iahetcs

Fasting < 120 > 120
After 73 g glucose load 120-180 H s o

In normal persons without diabetes or IG F, the fasting blood sugar levels vary 
between 80-1 lOmg/dl The blood sugar levels increases after the glucose load and 
come down to basal level within 2 hrs



6 J .  Test for glycosylated hemoglobin (Larren et al., 1990)

Another test examines blood levels glycosylated haemoglobin, also know as 
haemoglobin Alc(HbAlc). Measuring glycosylated hemoglobin is not currently used 
for an initial diagnosis, but it may be useful for determining the severity o f  diabetes. 
Haemoglobin is s protein molecule found in red blood cells. When glucose binds to 
it, ihe haemoglobin becomes modified a process called glycosylation. Glycosylation 
affects a number  o f  proteins and elevated levels o f  glycosylated haemoglobin are 
strongly associated with complications o f  diabetes. In normal population the
glycosylated haemoglobin concentrations vary from 4-7%  while in diabetes it its in
the range o f  X-1 o f  the total hemoglobin depending on the blood sugar levels

The test is not affected by food intake, so it con be taken al am time It
reflects the general trend o f  glucose le\els in the blood during the previous 2-3
months

6.4. Trine exam inat ion

Examination < I earl;, morning sample ol urine mas fail to detect early 
diabetes mellitus It is nece at', to observe the following procedure

1 I rine i . souled just before a meal
2 breakfast  or lunch is taken with the usual helpings o f  carhohwlrate rich foods such 
as bread, chapattr. .  rice, fruits and sweets
1 2 or 1 hr; after meal, mine is smded and examined lor sug.u

4

4 ( ilucosc specific dipslick methods are the best
5 Diastix consists of a paper impregnated with e n / \m e  prepaiation, which give a 
aemi-quantitative estimate of  glycosurin ( 25-3%) when dipped in urine sample 
containing glucose Some undoubtedly diabetic people have a negative test owning 
to a raised renal threshold and nnn-dinbctics with a low renal threshold mav give rise 
to a false positive test

Ketonuria-lhe amount o f  ketone bodies normally excreted bv healths persons is 
not detected by routine methods High amounts excreted can he detected in the urine 
h\ the nitropruside reaction, which is conveniently carried out using acetate tablets



or ketosUx, paper sucks. If both kelonuria and glycosuria are found die diagnosis ol 
diabetes is practically certain.

6.5. Benedicts test
Eight drops o f  urine and 5ml o f  benedicts solution are taken in a test tube and 

mixed The test lube is kept in boiling water for 5 min and color is noted.

Interpretation o f  Benedicts Test

Appropriate sugar in
Colour Report Urine (g%) Blood (mg%)

' Green discolouration O-trace - <200
Green precipitate 4* 0.25 200-250
Greenish-yellow precipitate 0 5 250-300
Yellowish-orange precipitate • • • 1 300-350
Brick-red precipitate •  •  •  •  - ~) >3 so

'

It is belter l< > earn  nut tin, le-.t >>n the second urine sample collected in the 
morning L'rinar. ninar in this ample will more or less re l ied  the blood sugar lex el 
Sell-monitoring ol urmarv sugar al frequent intervals provides \a luable  information 
to the patient ;l. well as to the doctor in fixing the requned dose o f  drug lo control 
blood sugar During acute infections nr when blond sugar i  ̂ lluctunlmg widelv

4 .  1  • -  V -

during anti diahetu therapv. the unnarx sugar must be monitored once or twice 
dail\

6.6. G lucom eter

When testing blood sugars v ourself, a glucometer is used A glucometer is a
»— 1  C J  .  C l ________________________________________________________________________________________4__

small device that provides an exact reading of  blood glucose A test strip is used to
collect a small drop o f  blood obtained by pricking the finger with a small specially
designed needle (called a lancet) The strip is then placed in the meter Results are 
available within 30-45 seconds



6.7. Glucose sensors
g

The food and drug administration (FDA) approved the Gluco watch G2 
biographer, manufactured by the Cygus Inc, for use in children and adolescents 
between ages 7 and 17 as a method o f  detecting trends and tracking patterns in 
glucose levels

FDA had approved the original gluco watch for adults use in March 2001. 
The wrist watch like glucose monitoring devices uses a weak electronic current to 
drau  tiny volumes o f  tissue fluid through which glucose and other nutrients travel 
from the bloodstream to the cells, through the skin and then analyze the fluids for 
glucose lev cls As described bv the FDA, once the device has been warmed up and 
calibrated through the use o f  a finger stick blood glucose test, it is capable of  
providing up to six painless glucose measurements per hour for 13 hours. The device 
sounds an alarm if the glucose reaches dangerous levels, alerting patients to a 
potential problem The device can store up to 8500 biographical glucose readings 
over 8 weeks

Although gluco u d k h  mea urementr, generally are consistent with those of  
traditional finger slick blood glucose tests, results with gluco watch can differ 
significant!', because these variations are unpredictable, individual gluco watch 
reading', h > * j I * 1 ne ' .  ei lie u ed |u make ch. l i v e s  in rvailin do>e ( iluco w .itch results 
•himid he mt'vprcted with several sequential leadings oveilime and then confirmed 
w nil a finger Ik 1 It*.t

6.8. M edtronic  minimcd

Another FDA approved. 24hr a dav svstcm to m easm e blood glucose levels.
lhe Medtronic minimcd continous glucose monitoring svstcm (CGMS). uses n titiv
sensor inserted just beneath lhe skin of (he patients abdom en and generally worn bv
patient for up lo 3 days This device records a glucose measurement evcrv 5 minutes
The user must push buttons on the systems monitor to mark the time o f  meals,
exercise and other pertinent data. After 3 days doctor removes the sensor and 
downloads the monitor data to a computer for analysis



Although the actual cause is not clear, the following factors have shown to 
increase the risk for diabetes

1 Hereditym
2 ObesityJ
3 Stress
4 Infections
5 Diet
'> Age
7 Physical actiMl>
K Nutritional status

7 .1 .Heredity

Heredity plays the most important role in conferring susceptibility to diabetes 
the closer the blood relationship of  a person to a diabetic the greater are the chances 

o f  developing the disease

Kisk of diabetes based on famils history,

Jamilv bistory
•

Risk o f  diabetes
If both parents are diabolic ‘>0%
One parent diabetic and any otber relative 75%
of non-diabetic parent is also diabetic
If one parent is diabetic 51)%
Any close relative is diabetic 25%

( King cl a l , 11

Between 25-35% o f  all type II patients have family members with diabetes 
Having a first-degree relation with the disease poses a40% risk o f  developing



diabetes People with positive family histories have a higher risk for developing the 
disease at an earlier stage with more severe features.

Because families share many lifestyles feature (eating and exercise habits) it 
is dillicull to determine whether genetics or environmental play the major role when 
clusters o f  diabetes type I and 11 appear within the families, genetic factor should be 
strongly suspected

7.2. Obesity
A strong predisposing factor in middle age diabetes is obesity. Although most 

type II diabetics are obese, all obese patients do not develop diabetes. Whether or not 
an obese patient develops diabetes probably depends upon the genetic factors. 
Increasing weight is a danger signal Obese people secrete more than the normal 
amount o f  insulin with a high glucose load

Obese people in general are less physically active than those whose weight is 
normal Middle aged obesit> is due to increase m the si /e o f  fat cells and with weight 
reduction, the lal celh and with weight reduction the fat cells decrease in si/.e and the 
glucose tolerance test mas return to normal

It r. now recot'ni/ed that more than ohesits parse, the pattern o f  bods fat 
distribution s important ri I laUor tor diabetes .uu! coronars heart disease Fat 
irouml the al> lumen i more dam’erou-, than lal around the hips Fat deposition is not 
lb-* ,arne lor esers individual and is dillerent in men and women 
Abdominal android latne.s has grealei risk

r—-----------  —1 Android male pattern ( i\ mud oi female pattern
I ipper bodv obesity 
Abo\ e the waist

l a m e r  b<u|\ ohcsilN 
Mainh lower abdomen. 

Initlocks. hips and thighs

Those with upper body obesity have glucose intolerance, which improves 
with weigh reduction, while those with lower body ohesits do not have a tendency to 
diabetes Abdominal obesity as assessed by waist/hip ratio (WI1R) has been 
associated with higher prevalence o f  diabetes in several epidemiological studies



WHR is an indicator o f abdominally located adipose tissue. WHR <1 for man and
<0 8 for women.

How obesity leads to Diabetes?

1 t  FFA -> iFlepatic  clearance o f  insulin —>hyperinsulinemia
2 t F F A  oxidation by muscles —> Insulin resistance (IR)
3 t  Secretion o f  a  TN F and leptin by adipose tissue —>IR
4 IR —> hyperinsulinemia

Increase m body fat, especially visceral fat, mobilizes excess free fatty acids 
in the portal circulation, which in turn reduces hepatic clearance o f  insulin, causing 
peripheral h\ perinsulinemia Utilization of  excess FFA's by muscle at the expense o f  
glucose ma% contribute to the peripheral insulin resistance in obesitx Further 
increased secretion of  a  tumour necrosis factor and leptin by adipose tissue in 
o  best tv has been involved in insulin resistance (Sumatlu. 2<><R))

7 . J .  S t l T S S

Sire . . u  a non-.pecilic r e .p n n .e u l  the bods l o a m  demand made upon it 
There are three t\ p e , 
a Acute (unexpected evcut ,) 
h fh ro m c  (bereavements) 
c Intermittent (conlln. ts)
Stress causes 
•The heart to beat faster 
•FI P to go up 
•Muscles to become tense 
•Arteries to go into spasms

All these occur due to release of  adrenaline lo cope with the situation Many 
patients have reported sudden blood sugar spurts after brief episodes o f  severe stress 
The normal glucose homeostasis in the body is achieved bv a delicate interplay o f  
various hormones The body releases adrenaline, non-adrenaline and cortisol



hormone that raise blood glucose levels to provide a quick source o f  energy for 
coping with stress

In acute cases o f  stress blood glucose levels may rise quite profoundly and in 
extreme cases diabetic ketosis and coma also may result particularly in those with a 
genetic predisposition
In chronic stress the blood sugar level is elevated due to the increased secretion of  
the catabolic hormones

7.4 Infectious

Infections cause a non-specific out pouring o f  catabolic hormone, which 
antagonizes insulin action, and they may trigger the onset o f  the disorder 
There is increasing evidence that typci diabetes especially in the younger patients 
I t ' l l  i v  a C\*v-ackie n r  other v i r u s  infection There i s  sometimes a long interval 
between the infection and o n s e t  of symptom The virus may trigger an autoimmune 
reaction in the pancreatic i l e t s  and t i n > impairs insulin secretion and ultimately 
destroys the ['> cells \  iral h e p a t i t i s  can al o destroy the f-lcells
7.5. Diet

7.6. \ g c
lhe  prevalence o f  diabetes increases markedly with age Maximum incidence 

of NIDM tvpe ol diabetes occurs above the age o f  45 years High proportions of  
Indians d e v e l o p  NIDDM at much younger age and theiefore the prevalence of  
in;1 11 1 r 1 1\ onv.M dube te  . <>| voiiuc ( M< >1)Y ) i liiehoi in India

7.7. Physical  activity
Prevalence of  diabetes mellilus is generallv higher in individuals with sedentary 

habits Several perspective and retrospective studies have shown the beneficial 
effects o f  physical activity on insulin sensitivity and glucose in tolerance

7.8. Nutrit ional  status
Strong correlation was observed between rates o f  diabetes and mean percent 

body weight in a larger scale cross sectional co-countries sludv Since 20-40%



diabetics in dev eloping countries are undernourished, several claims have been made 
that undernourished are as susceptible to diabetes as overweight. It is suggested that 
weight loss and under nutrition may be a  consequence o f  diabetes rather than the 
cause It has been seen that under nutrition even during foetal life and infancy 
increases the risk for diabetes. There is a need for more prospective studies to 
evaluate the rale o f  under nutrition in the aetiology o f  diabetes.

8. M E T A B O L I S M  IN DLABETES

When insulin is not being produced or ineffective, the formation o f  glycogen is 
decreased and the utilization o f  glucose in the peripheral tissues is reduced. As a 
consequence glucose that enters the circulation from various source is removed more 
slowt\ and h\ perglycemia follows When blood glucose levels exceed the renal 
threshold, glvcosuria occurs I he loss o f  glucose in the urine represents wastage of  
energv and entails an increased elimination of  water a id  sodium Ordinarilv thirst 
and increased ingestion o| liquid ; compensate for the loss o f  water, but interference 
with the intake such a . occur in nausea or through vomiting could lead to rapid 
defr.dration With deliciencv ol m.ulm. Iipogenesis decreases and lipolysis is greatlv 
increased leading to exce ketone formation and accumulation The appearance of 
one of  these ketone ;, acetone in the urine indicates the dev elopment o f  ketoacidosis 
Tissue protein is also broken down in an el l ed  to secure energy, causing weight loss 
and nitrogen excretion in the urine

^ C O M P L I C A T I O N S
Diabetes can lead to several ai ule and long-leim complications (Raghmam 

ct al . I ()'M)

9 . 1.Acute complications

Diabetes is likelv to develop acute complications as n result o f  sudden a severe 
decrease or increase in blood sugar levels Under this come mainly 3 complications 
a l lypoglvcaemia 
b Ketoacidosis
c Infections



il. Hypoglycaem ia

It is defined as a condition in which there is a blood glucose concentration o f  
less than 45 mgAH 
Causes

• Unpunctual or inadequate CHO in diet
• Unexpected or unusual exercise
• Insertion o f  alcohol along with antidiabetic drugs 

Symptoms
■ Sweating
■ Trembling
■ Hunger
■ Palpitation
■ Confusion
■ Drowsiness
• Incnrdmatmn
• N'.m.eu

Ihe diabetic wh<> develop. hv pmT. caemia .should immedialelv be given sugar or 
glucose and a doctor -Mould he o m .u lk ’d 
h. Ketoacidosis

When the Mods cannot utili/e ca iholndia le  to pi ovule cnergv. it bums 
incre.Lsed amount .  >>l lal'. and ceitain ammo acids I bis results m increased 
lormation ol metabolic products known as ketones When ketones produced are 
more than what the bodv t.ui handle thcrv accumulate in the blood resulting in 
ketoacidosis This is a serious condition as the patient may go in to coma

Any form o f  stress, particular!) an acute infection or neglect o f  treatment due 
In carelessness can lead to ketoacidosis There is intense thirst and polyuria, 
constipation, muscle cramps and altered vision arc common Hyperventilation with 
low blood pressure and acetone may be smelt in the breath Glycosuria and ketonurin 
would he present, which can lie detected using commercially available strips Blood



glucose levels may be as high as 360-720 mg/dl and low plasma bicarbonate and 
blood pH.

c. Infections

In diabetics cuts and wounds heal slowly. They are prone to infections of  
skin, urinary tract and fool In all such manifestations, the patients should promptly 
consult a doctor who will control diabetes and treat infections with appropriate 
antibodies Diabetes should take special precaution to prevent infection o f  skin and 
foot

9 .2 .L o n g - te rm  complications
a. Arteriosclerosis and heart disease
b Diabetic microangiopalhy

Peripheral neuropathy
c Diabetic neurop.ithv

\uti >n<1 niil neun>|>uth\

a. Arteriosclerosis  and  hear t  disease
There is an increased predisposition of  the diabetic for atherosclerosis (hardening 

o f  vessels due to deposition of  fatty substances), because they gencially have high 
levels of  blood lipids, such ;c; cholesterol ami trirlveiides, which make them 
susceptible to heart ill ease and stroke

lhe  suscoplihililv ol the diabetic to ai theiosderosis  is due lo several factors 
Hvperlipidemia occur ,  m I '"1 to ' > patients 111)1 levels are reduced in type II 
diabetes possible enhancing susccplihilitv to alherogeneis

Glycosy latmn of  1 I)L renders it more recognizable In the LDL renders while 
ghcosvlated IIOI is more readily degradable than normal 1IDL. both these efTect 
enhance .itherogenesis Diabetics have increased platelet adhesiveness and iespouse 
to aggregating agents These changes arc also likely lo favour alherogeneis

Most patients with type II Diabetes also tend to be obese and hypertensive All 
diabetics who have had the disease for atleast 10 years irrespective o f  the age of  
onset are likely to have clinically significant atherosclerosis Increased cholesterol 
levels have been recognized as a risk factor for coronary heart disease It is



recommended that serum  cholesterol should be measured in all adults ' diabetics once 
in 2 years and in all normal o f  over 20yrs o f  age at least once in 5 yrs

Blood lipids (mg/ 100ml plasma)
Desirable Borderline-high High risk

Total cholesterol 200 200-240 240
1 LDL cholesterol 130 130-160 160
; HDL cholesterol 50 - 35

Triglycerides 150 150-500 500
(Ghafoomisa and Krishnasvvarny, 1995)

The cholesterol level in the blood can be reduced by changing the dietary pattern or 
b\ taking drugs I he total cholesterol. IIDL ratio should be< 5

b. Diabetic  m icro a n g io p a lh y

D iab e t ic  M i c n u n g H ' p a l l n  i . character ised  In th ickening  o f  the basal  lam ina  
rif cap i l lar ,  e n d o t h e l i u m  and increased permeabihtc  o f  the m ic ro  v e s s e l s  T in s  status  
is further aggravated  bv r ed u ced  d e form ahih lv  o f  the red b l o o d  ce l l s  and increased  
plate let  a d h e s i v e n e s s  D iabe t ic  A n g io p a t ln  is o f ten  c o n s id e r e d  to be  a form  o f  
prem a tu re  a lh e r o s c l e r o tu  d i s e a . e  It uaial lv  in v o lv e s  p e n p h e r a l  ve s se l s  with  
ih ickemrig o l  the m e d i a  ;l / .m i n t e d  with an increased  i r k  o f  platelet  aggregat ion  In 
mans case s ,  the p e n p h e r a l  arteries o f  a d iabet ic  s u b |e c t  feature  r e d u c e d  c o m p l i a n c e

The mechanisms In vvlucli diabetic microangiopalhy develop arc not known, 
hut probablv include genetic influences (Dahl. l ' ) f>8) Several biochemical changes 
may interact, one important change being increased protein glycation Important 
functional changes are increased organ blood flow, increased vascular permeability, 
abnormal blood viscosity and abnormal platelet and endothelial function The 
structural hallmark o f  diabetic microangiopalhy is the thickening o f  the capillary 
basement membrane These changes may lead lo occlusive angiopatln and to tissue 
hypoxia and damage Screening for micro angiopathy should start in children and 
adolescents after 5-y duration o f  the disease and 10 v o f  age The screening should



include retinal examination through a  dilated pupil or fundus photography, urinary 
albumin excretion rate, blood pressure measurement and neurological examination. 
Several intervention trials have shown that near normoglycaemia may reduce the risk 
o f  microangiopalhy. There is a curvilinear association between the risk o f  
development and progression o f  microangiopalhy and mean blood glucose. 
Therefore, optimal insulin treatment is important in children and adolescents

c. Diabetic n eu rop a th y  or nerve dam age

N e u r o p a l l n  represents  the m o s t  c o m m o n  c o m p l i c a t i o n  o f  diabetes.  
\ e u r o p a t l n  appears  to b e  c a u s e d  by d a m a g e  to smal l  b l o o d  v e s s e l s  N e r v e  d e p e n d s  
on  m u l t ip le  tiny v e s s e l s  that carry nutrients and o x y g e n  lo keep  each  and every  
s e g m e n t  o f  th es e  very lo n g  nerves  intact D a m a g e  to o n e  smal l  s e g m e n t  can result in 
loss  o f  fee l ing,  pain o burning sensa t ions  that bother  the feel  and legs

Diabetic neuropathy almost always starts in the feet because these are the 
longest nerves in the b««Jv the peripheral neuropalln that is characteristics of 
diabetes are found onlv in the presence ol* high blood sugar levels High blood sugars 
damage both large and .mall blood vessels that carry 0 2  and nutrients to the nerves 
if there is mg enough I>I«*<>11 being sent to the nerve, the nerves ahililv lo work will 

he alTected That i win ii i, s<• important that the blood supph  to the feet and legs in 
a diabetic n o t  to he hampered \h o u t  o(i-7u"n ol people wnh diabetes alieadv have al 
least a mild h u m  o| nerve damage Diubclu neuiopalln can he fuithei classified in
to I n 1 1

1. P e r ip h e ra l  n e u ro p a th y :
a Cranial neuropathy allect cranial neivcs 1 his leads to paralysis o f  nerves 

that control muscles o f  the lace. I’m example, loss o f  control o f  the eve 
movements, double vision 

b intrapmcnt neuropathy affects the hands, arms, feet or legs  d u e  to 
constricting ligaments 

c Scmory neuropathy d e c re a se d  or total lack o f  s e n s a t io n  in va r io u s  p laces-  
s u s c e p l i b l e  for burns and in fec t ions  

(1 M o t o r  neu rop a th y  lo s s  o f  m u s c l e  p o w e r  resu lt ing  in pain  and w eakness



2. Autonomic neuropathy
a Urinary trad: nerves which control the emptying o f  the bladder fail to 

function properly and the residual urine may lead to infections o f  the 
kidneys and urinary tract

b Sex oragans-sexual functioning for men and women may be affected
c. Digestive system absorption o f  food or diarrhoea can occur
d. Cardiovascular system, heart rate and blood pressure changes may occur.

Certain organs affected by diabetes

1. Eye
Damage to the eye is the most feared complication o f  diabetes. Lesions affect 

the small blood vessels o f  the eyes Lesions o f  the eye (retinopathy) result in rapid 
deterioration o f  eyesight Total blindness in diabetes in uncommon since just under 
2% o f  people with IDDM actual 1\ suffer total us ion  loss Diabetes is the most 
com m on cause ol blindness in the I S among younger individuals. although most o f 
this loss can be a \o ided  with better control and through early detection o f  eye 
damage Unless an e \e  exam is done, most people arc unaware that they have eye 
damage

2.Font
Foot p rob lem , in diabetes can he caused h\ damage to both large and small 

hlood vessels l o o t  problems Including nerve damage or peripheral neuropathy 
usuallv begins with vascular disease Damage to small blood vessels in particular, 
appears to be I b e  m a j o r  cause of nerve damage that results in loss o f  feeling, or 
worse pain arid burning sensations that bother the feet and legs Once nerve damage 
progresses, it triggers l o s s  of motor control and the abnormal gait that results in 
ulcers and amputations Foot injure could go unnoticed until severe infection 
develops

Preventing foot problems in diabetes begins by preventing the loss of 
circulation that will result in serious nerve damage This is relatively easy today if 
the risks for circulating problems arc recogm/cd early Keep BP below 110/80 is 
essential for reducing damage to blood vessel walls preventing plaque formation is 
also critical This is done with medications The blood llow may be improved with



high dose o f  vitamin E. although 1200-1500 mg a day usually required for this 
effect

Signs o f  blood vessel problems in the feet

1 absence o f  foot pulses
2 pale color o f  the foot when it is raised
3 feet that feel cold
4 pain at rest
5 pain at night relieved by hanging the feel over the side o f  the bed
0 thin appearing skin 
7 shmv skin
X loss of hair from toes and feet 

Blue color of the feet 

11 > reddi di o dor ol I eel

1 I f o o t  infection that i hard to heal 

I 2 ulcers that don I heal

Mill ni di amputation are I  ̂ t i m e  lL common with diabetes, about half can he 

prevented v  ith impl ■ tep . that  protect the leet Preventing trauma is the best wav 

to prevent a m p u t a t i o n  PioperK lilted .hoe, are essential, tennis shoes being ideal 

w henev er pn . able

J, S k in
I>uihrftr Jrr»i"[>iiih\ I his leleis to roundish, shghtlv indented patches of 

skin that are brown or purplish in color Most frequently seen on the shine, they 
iistiallv occur in skin that has been inpircd nr iratimali/ed Although it can 
occasionally he seen in people without diabetes it almost always occurs in those who 
are older or who have had diabetes for atleast a couple o f  decades Diabetic 
dermopathv appears to he slow healing

hin^cil infection* Both fungi and bacteria Iced on high glucose levels, and 
the skin is a favourite site for fungi to flourish Tinea pedis (athelct’s foot), which 
occurs between toes and occasionally the finger, is most often caused bv 
ten hnphvton n ihnm  and tncophvton mentagrophytes Fungal infection o f  the nails is



reflfered to as onychomycosis. Fungi do not like vinegar and vinegar soaks of the 
toenajls can help get rid o f the infection.

4.Kidney
Diabetic nephropathy is an important micro vascular complication o f  long 

standing NIDDM  as well as IDDM associated with considerable morbidity and 
mortality Prevalence o f  diabetes is on the rise and it is estimated that there are 30 
million diabetics in India o f  which 6.6 million are expected to develop diabetic 
nephropathy (Ramachandran el al., 1993). Further type II diabetes is 5 times more 
com m on and microalbuminuria is higher in Indians than Europeans, which cannot be 
diagnosed by the routine dipstick method (Gupta el al., 1991). Neglect may lead to 
kidney failure

10. T R E A T M E N T

Patients with ‘impaired glucose tolerance' are managed at the discussion o f  the 
physician In general, no treatment is given lo elderly people, but diet and weight 
reduction are advised in vounger sub|ecls

Blood glucose levels in a well managed diabetic should be less than ZOOmg dl it 
n  however nece.saiv I" avoid the r iT  ol hvpoglvcemia because it develops 
aiddenlv and threaten. Iile Sell monitonne ol blood glucose is not more effective, 
but is much expen ave, than regular urine testing, m closelv su p e m se d  control 
programmes (Allen cl nl , lo om

Diabetes is m a n a g e d  by the following:
a Diet 
h Exercise
c Insulin and oral drugs 
d Education

Exercise
Exercise is a verv useful measure in the management o f  diabetes Exercise 

improves the general well being not only o f  normal but also o f  diabetic subjects 
Exercise, when combined with reduced food intake, helps in reduction o f  body
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weight and other risk factors for heart disease. It improves peripheral circulation. In 
addition, exercise enhances the action o f insulin and thus helps to reduce the dose of 
antidiabetic drugs.

Persons with diabetes should therefore exercise regularly. This can include brisk 
walking, jogging, bicycling, swimming and playing badminton and tennis. It should 
become a part o f  daily routine. In addition, exercise is known to reduce stress and 
strain and enhance the quality o f  life. The pace and duration o f  exercise, however 
can be decided depending on the age and physical fitness o f  the subject. Diabetic 
patients on insulin before engaging in strenuous exercise should seek medical advice 
to prevent hypoglycaemia They may require extra carbohydrate before, during and 
after the exercise

Oral drugs

In NIDDM. the bodv produces insulin, but this may be less effective in 
controlling the high blood sugar levels Anti -diabetic tablets, in such patients either 
enhance the production o f  insulin In the pancreas or improve the action o f  the 
insulin produced in the bodv There are 2 groups o f  drugs, which are generally used 
in NIDDM. sulphoiihureas and higuamdes Some com m on sulphonlvureas are 
tolbutamide ( Kastmon). chlorpropamide! Copamide. Diabmese). glibencl amide 
(P.ijglucon, Daoml, llet.mese) and ghpi/ide(Glynase) Important biguamdes are 
metformin (Glvciphage) and plienformmtDBI) As the mode ol' action o f  these 
groups of d rug , i . dillerenl. the doctor will decide the l \p c  of drug, which is suitable 
to the patients

Insulin

The doctor will decide the Ivpe of insulin that the diabetic requires A person on 
insulin has to he more careful with the timings o f  his meals The quantity of 
carbohydrate also should match the dose o f  insulin given In addition to a regular 
schedule o f  breakfast, two meals and evening tea, patients with 1DDM may require 
bedtime snacks to prevent hypoglycemia during the night Patients with NIDDM also 
require insulin under certain circumstances, such as inadequate response to oral



hypoglycem ic drugs and during ketoacidosis, acute infections, surgery and 
pregnancy

Insulin pumps

These are pager-sized devices that infuse, programmed amounts o f  insulin 
under the skin through a catheter. These automatically infuse subcutaneous insulin 
continuously to maintain blood sugar control throughout the day and night. Most 
who go on the pump quickly come to prefer over injections but doctors warn that the 
device is not appropriate for everyone. It can be difficult lo master, especially for 
patients new to diabetes who are not used lo monitoring blood glucose levels and 
adjusting their insulin dosage before meals In other patients, the risk of 
hyperglycemia may out weigh the benef i t s  Since the pump is continuously infusing 
insulin on its own. the l ike l ih ood  increases  that l o o  m u c h  can be  m e n  without the 
patient no t ic ing

Pancreatic transplant ( Robertson,

Pancreat ic  tr.ui .plant and i del cell implants  a ie  still in the e x p e n m e n t a l  s tage  
T h e s e  involve-; e n o r m o u s  cost  and the dangers  o f  life lon g  d e p e n d e n c e  on  i m m u n o  
s u p p r e s s i v e  drugs  w h ic h  have  ser ious  s i d e - e f l e c l s  currently,  m o s t  pancreat ic  
transplantat ions are p r e fo r m e d  in patients with  u rem ia  .uul d ia b e te s  dur ing  or aider 
kulnev transplantat ions  A lew s u c c e s s fu l  pancreat ic  transplants have  contro l led  
diabet ic s

E d u ca t io n

Education o f  the patient is an integral and important component in the 
management o f  diabetes Nutrition counseling is the total process o f  individualized 
guidance so that the client acquires the ability to manage his/her own nutrition care, 
which in turn effect successful behavior change that results in more helpful behavior 
(Safian. 2001)

Diabetes education is a crucial part o f  the treatment plan Diabetes education 
basically involves learning how to live with your diabetes Ihe diabetics should be
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educated on the nature o f  the disease(s) they have and the possibility o f  development 
o f  acute and long-term complications o f  the disease, i f  blood sugar is not kept under 
control A dequate  basic information on diabetes enables the diabetic to comprehend 
and improve their psycho logical acceptance o f  the disease. In addition, the 
importance o f  following doctor 's  instructions regarding diet, exercise and drugs 
should be explained

Diabetic should be aware o f  the importance o f  monitoring urine and blood sugar 
and serum lipids at regular intervals to ensure overall well-being. Patients who 
require insulin injections should know how to measure the insulin dose and give 
their own injections

DIET

Diabetic diet need not be a complete deviation from a normal diet The 
nutritional requirements o f a diabetic are the same as in the non-diabetic (Raghuram.
2003) Normal Indian diet is ideal for a diabetic. However the nutrient intake has lo 
be tailor made to the individual based on the age, sex, weight, height, physical 
activity and physiological needs of the patient It is alwavs better to consult a 
dietitian to prescribe .aid humiliate a suitable individual diet Doth doctor and 
dietitian have a od e  m the dielarx m.uiugement o f  diabetes

I Kperglvcemia is the hallmark o f  diabetes and maintenance of noimal glvcemia 
either prevents or delavs the long-term complications ol diabetes Therefore 
management of diabetes with diet, exercise, education and drugs has been 
em phasi/cd

fhe objectives 1 1 1  diet.in* management id diabetes are lo

1 Reduce the blood glucose and urinary sugar
2 Maintain ideal body weight
3 Provide relief from symptoms
4 Maintain serum lipids in normal range
5 Provide all required nutrients 
C) Avoid acute complications
7 Prevent long term micro and macro vascular complications



8 Improve the overall quality o f  life

II. DIABETIC DIET PRESCRIPTION

The nutrition and diet prescriptions is based on

• History o f  both the patient and his family
• Sex, age, weight, height and activity o f  the patient
• The type o f  diabetes the patient is suffering from
• Type o f  insulin taken by the patient, amount and when administered

Based on nature o f  physical activity and body weight total calorie
requirement is calculated

Calories

The calculated calorie requirement should allow the patient to lose or gain 
weight as required and maintain hods weight 10% lower than ideal desirable bod> 
weight

How to ca lcu la te  the ideal body weight (adults)
Ideal hods sseight (in Kg) can he simply calculated for an indm dual by 

subtracting lo o  from his/her height (in cms)
The ideal bodv weight shows whether the person is overweight (20%  above 

his ideal weight) or underweight (2'* % below his ideal body weight)
Based on these, the dailv caloric requirements of an individual per kg body 

weight c.in he worked out

The recom m ended calories intake for diabetic based on bodv weight

Over weight - 20 kcal / kg wt / day 
Ideal weight - 30 kcal / kg wt / day 
Under weight - 40 kcal / kg wt / day



This is intended for person who does sedentary work. For persons engaged in 
greater physical activity, the recommended calorie intake may be increased as per 
the needs.

A person above the age o f  50 years o f  age require 10% less calorie for each
decade. Lf the disease is mild, a diet restricted in calories and devoid o f  refined sugar
such as sweets, jams, and jellies is adequate.

In an obese diabetic, the calorie should be restricted to reduce body weight to 
ideal, after this enough calories are given to maintain normal weight. In a diabetic 
normal weight, enough calories should be given to maintain weight In am 
underweight diabetic, enough calories should be given lo increase the weight to 
normal and maintain it

M aintain  body weight appropriate  for your  height

1 ) B o d y  w e ig h t  d ir e c th  proport ional  to ca lor ie  intake
2) Energy  intake m in u s  Energy expend i tu re  = Gain in b o d y  w e ig h t
3) E x c e s s  C H O .  protein  and fat in diet increases  h o d s  w e ight
-i) Fat around the a b d o m e n  m o r e  d a n g e r o u s  than around the hips
M R ef ined  f o o d ,  and e m p l \  ca lor ies  Irom sugar increases  b l o o d  sugar  and
triglvcerides
0)  Weis /hl  r e d u c in g  diets  m u t h e  low in total ca lor ies  and se t  ensure  o p t i m u m  intake  
o f  all nutrients
7) W e ig h t  r ed u ct ion  diould he  gradual  not m or e  ih.in 0 5 - Ik e  pei  w e e k  
X )  Diet restric l i o n  sh o u ld  be  c o m b i n e d  with  exerc i se
R e m e m b e r ,  l td) K i a l  m e x c e s s  /das can mcrea.se the h o d s  sseight  a p p r o x im a te ly  by  

4 k g  m o n e  year

Children
Nutrient requirement of children relative to their body weight are generally 

higher than those o f  adults to take care o f  their growth and development needs 
Children suffering from Type I diabetes require Ihe normal diet recommended for 
their age group It can he calculated based on their nge group Calorie requirement 
for children are 1000 basal calories plus 125 cal for boys and 100 for girls for every 
veor o f  age up to 12 years
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Pregnant women

Pregnant women have to eat not only to meet her physiological needs but also 
to meet the requirements o f  her growing foetus. During pregnancy, the diabetic 
should be given 30-35 Kcal/Kg o f  the desirable body weight. The diet should 
provide 1.5-2.5 g o f  protein/Kg body weight. The total gain in body weight during 
pregnancy should not exceed 12kg Blood sugar should be kept within normal limits 
throughout pregnancy to prevent diabetes related complications in the mother and 
newborn

Distribution o f  nutrients in total calories

The total dadv intake of calories from carbohydrate, protein and fat in the 
diet o f  a diabetic should be distributed in the food 
D is tr ibu t ion  of calorics

o f  total calories 
Carbohydrate 00-65
Protein 15-2<>
Fat \'-2>

C a r b o h y d r a t e  (60 -6 5 %  of to tal calorics)

Our d i e t  consists mamlv ol carbohvdrale Compared lo fats and protein, 
carbohydrate has the greatest impact on blood suear One I'.iam  Carbohvdrale 
provides t Kc.il ol eirrgv (ienerullv in Indian d i e t s ,  caihohvdrate p r o v i d e s  o i ) - 7 (V’ „ 

of the total calorie. D i a b e t i c s  need not reslnct the caihohvdrate intake hut thev can 
alter the tvpe of carhohvdrate in their dirt Complex caihohvdrate present in cereals 
and pulses are hetter than simple carbohydrate present in |ams. jellies sugar, jaggery, 
sweets etc Complex carbohydrate should account for approximately 2/3 rd o f  total 
carbohydrate in the diet Sugars present in fruits and milk raise the blood sugar at a 
slightly slower rale Though some claims have been made that excess carbohvdrale 
lends to hyperhpidemia and increase the risk o f  coronary heart disease several 
studies have shown that generous supply o f  carbohydrate (60-65%  cal) in diabetic 
diet when given along with high fibre diet has no adverse effect



Rationale o f high carbohydrate

Carbohydrate restriction impairs insulin sensitivity and reversed by high 
carbohydrate diet. High carbohydrate and high fibre diet improve insulin binding and 
increase in monocyte insulin receptor binding. High carbohydrate diet is likely to 
elevate serum triglyceride levels. Hence carbohydrate is maintained to about 50%  o f  
total calories. Most carbohydrate should be in the form o f  polysaccharides such as 
bread, cereals, and beans etc. rapidly absorbed mono and disaccharides such as 
sweet, chocolates and sweetened drink should be avoided.

Raising the carbohydrate intake does not adversely affect the fasting blood 
glucose levels, glucose tolerance or insulin requirements provided that total calories 
are not increased Insulin needs are more closely correlated with total calorie intake 
than with the carbohvdrate level in the diet

P e o p l e  w ith  d ia b e te s  sh o u ld  prefer carbohydrate  that h a ve  low g h c e m c  index  
and are high in fibre  
Distr ibut ion  o f  c a r b o l n d r a t e  in lhe diet

S in c e  the b lo o d  sugar  level  d e p e n d s  mainlv on  the intake  o f  c a r b o ln d r a t e  it is 
important  to d is tr ibute  the intake o f  c a r b o ln d r a te  in a c c o r d a n c e  with  dailv need s  
T h e  total a m o u n t  id carhoh vdrate  can conven ien t ly  be  d iv id e d  in to 4 - 5  equal  parts

I t r<l (1 V’.,) o f  diet during  I .unch
I 1 i'll ( t v , , )  during  Dinner

I t rd (2^%)  during breakfast

■>% during  f w r i m g  tea or b e d t im e
In I D D M  il mas be  n e c e r. \n i \  to g ive  addit ional  ( H O  b e l o i e  the patient g o e s

lo s leep

Glycacmic index

The rise o f  blood sugar after a meal does not merely depend upon lhe amount 
o f  carbohydrate ingested but also the rapiditv o f  absorption, which varies with the 
fibre content, phytate, tannins etc Different carbohydrate raises the blood sugar to 
variable extern
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The ability' o f  the food item to raise the blood sugar is measured in terms o f  
glvcaemic index. Glycemic index indicate the extend o f  rise in blood sugar in 
response lo a food in comparison with the response to an equivalent amount o f  
glucose or any other reference food.

Blood glucose area o f  test food 
GI = ...................... .........................................-  x 100

Blood glucose area o f  reference food

Foods with low glycemic index are useful for diabetics. Diels with lower 
glvcerruc index are generally rich in fibre.

Several factors such as nature o f  cooking, physical form o f  preparation, fat 
and fibre content influence glycemic index of different foods Glycemic response 
higher with cooked than raw food Though certain foods containing high fat such as 
ice cream, milk and groundnuts have low glycemic index they are not good for 
diabetes

Generally, cereal . like wheal and rice and root vegetables such as potato have 
a hi eh L'hceanuc m d e \(o S - 7 S°„) Fruits have an intermediate GI (45-550o> Legumes 
,ind Lentil j aich a., d n e d  bean. pen. etc have low (il .uni aie beneficial to
diahete'. in moderate amount-. Bengal gram helps additionallv in the prevention o f  
arteriosclerosis In reducing serum cholesterol .uul triglvcernles bv icducmg serum 
cholesterol and Iriglvceride lev els Vegetables have verv low (il (2<)-30oo)

Mean ( i l  n f  some rnmmnu f o o d s

Item (il
White bread |(l()
Glucose 13K
Honev 1 20
Corn flakes 119
Whole wheat 99
Raisins 93
Sucrose HO

Item (il
Orange no
Grape 02
Apple 53
Ice cream 52
Yogurt 52
Whole nulk

*

49
Skim milk 40



White rice 
Potato 
Banana
Sweet potato

*

Recent studies have shown that consumption o f  foods with low glycemic 
index results in belter control o f  blood glucose level, improvement in insulin 
sensitivity and IIDL cholesterol levels

Proteins (1 5 -2 0 %  o f  total calories)

Prote in  g o o d  for health o f  d iabetes  b e c a u s e

1) It Supplies essential amino acid needed for tissue repair
2) Doesn 't  raise blood sugar during absorption as much as CT10
3) Doesn 't  suppK as much calorie as fat

One gm protein provider IKcaJ of energ\ Proteins taken in the diet are broken 
down in lo ammo acids before absorption m to the blood The RDA for protein is 
Igrn Kg bodv weight Children, pregnant and Delating require more than this ratio o f  
protein for growth and development and other physiological needs It is gcnerallv 
recommended that |3-20"o o f  total calorie can be derived from proteins Protein 
from vegetable sources are better than from flesh foods as the add libre and do not 
contribute cholc .terol In diabetes with associated renal problems protein restriction 
to >i ygm Kg bodv weight However this should be o f  high biological values such as
in egg and milk

In IDD children. I-1 ognv’Kg bodv weight is recommended In patients with 
NIDDM  consumption o f  protein along with carbohvdrate will lower the blood 
glucose concentration due to amino acid stimulation o f  insulin secretion This helps 
lo com pensate  for the defect in glucose mediated insulin secretion seen in so many of 
these patients Protein nlso promotes satiety and helps both types o f  diabetic patients 
to adhere to the carbohydrate allowance

83 Fructose 30
81 Soya bean dried 22
79 
70



*
Fats (15-25% of total calories)

Fats are concentrated sources o f  energy. They cannot be oxidized as readily as 
carbohydrates. One gram fat yield 9Kcal. Excess intake o f  fat thus increases body fat 
and leads to obesity. Fats contain essential fatty acids and are also vehicles far fat- 
soluble vitamins such as vitamin A, D, E and K.

The normal end products o f  oxidation o f  fats are CCK and H 2 O. Ketone bodies 
are intermediated products o f  normal fat metabolism. They are produced in the liver 
and utilized by tissues to provide energy. The accumulation o f  these products results 
in diabetic coma.

In a regulated diabetic, carbohydrate cannot be utilized because o f  the 
deficiencv o f  insulin ;ind so the energy requirements have lo be met with fats The 
excessive break down o f  fats results 1 1 1 accumulation o f  ketone bodies, which are 
then excreted in the urine Dailv metabolism o f  about loogm  carbohvdrale prevents 
accumulation o f  ketone bodies The best way to maintain ideal body weight is to cut 
down fat intake

V itam ins and  m i n e r a l s

These are protective factory which in small amounts are essential for the 
bodv Experimental studies have suggested that deficiencv o f  vitamin bo result in 
glucose in tolerance f arhohvdrates are not completelv metabolized when there is a 
deficiencv of vitamin li It is postulated that products o f  partial carbohydrate 
metabolism like pvmvic acid accumulates in such situations and damage the nerves 
resulting in peripheral neuropathy The diabetics require supplements o f  vitamin B 
It is also advisable to supply vitamin A. as the liver, which is the storehouse of this 
vitamin, may he damaged in diabetes

Deficiency of /inc. chromium, magnesium, copper results in glucose in 
tolerance but no strong evidence to implicate these micronulrient deficiencies in 
carbohydrate intolerance High fibre diets, prescribed for diabetes may interfere with 
the absorption 0  f minerals such as /inc. magnesium Similarly low calorie diets, 
presenhed to obese diabetics may not provide enough micronutrients and all such 
individuals should he supplemented with required micronutnents



The daily intake o f  foods like green leaf,' vegetables, fresh fruits, milk and 
dany products, cereals nuts, fish and egg can provide enough vitamins and minerals. 
Diabetes during infections and other complications may require high amount o f  
vitamins and minerals in the form o f  supplements.

Fibre

It is an important component of much complex carbohydrate. It is almost
always found only in plants particularly vegetables, fruits, whole grains, nuts and
legumes (beans and peas). Fibre cannot be digested but passes through the intestines 
drawing water with it and eliminated as part o f  faeces content.
Dietary l ibres  are o l l e n  r e c o m m e n d e d  for the m a n a g e m e n t  o f  certain tvpes  o f
d iabe te s  s in c e  thes w h e n  ingested ,  found lo r ed u c e  postprandia l  g l u c o s e  leve ls  in
b lo o d  In m a in  .African coun tr ies  the fibre content  o f  the diet is h igh and p reva lence
i . low  In p r o s p e r o u s  c o m m u n i t i e s  this relationship tends to b e  reversed

Fiber rich f o o d s  s lo w  s t o m a c h  e m p ty in g  and de lav  intestinal  transit and so  
r ed u ce  the rate o f  g l u c o s e  absorpt ion ,  l o w e r  b l o o d  sugar  rise and d e c r e a se  urinary 
g l u c o s e  excre t io n  (M e v e r  1 1 a l  1' » X X )

Fibre a lso  contr ibute  I" itielv .aid the c o n s e q u e n t  d e c reased  fo o d  intake he lps  
r ed u ce  w e ight  Inclus ion  ol  high fibre l o o d  in the diet has i m p r o v e d  contro l  ol  b lo o d  
g l u c o s e  and lipid , D iab e t ic s  .Imuld th er e lo ie  eat fo o d s  conta in in g  m o r e  l ib r e (3 5 -
d'H-m)

F en ug reek  seerh

Fen u greek  s e e d ,  a condiment used in Indian homos, is a rich souice o f  fibre It 
contains mucilaginous libre and total 11lire to the extent o f  20",, and 50% 
respectively In addition it contains tngoneline- an alkaloid known to reduce blood 
sugar levels Fenugreek seeds reduce blood glucose, urinary sugar and serum lipids 
with concomitant improvement in glucose tolerance and diabetic symptoms in both 
IDDM and NIDDM  The hypoglycemic action o f  fenugreek seeds has been shown to 
he due to reduction in glucose absorption and also improvement in glucose 
utilization at the penpheral tissues Galactomannan present in fenugreek seeds has 
been shown to he responsible for its hypoglycemic and hypolipidimic actions



1  ^
Allium vegetables

The well-known member o f  this family, which are commonly consumed are 
onion and garlic other being leeks, shallot and chives. Early experimental evidences 
and the ones available now indicate that onion and garlic posses hypoglycemic 
properties. The hypoglycemic principle in onion is claimed to be 2-propenly 
prophyldisulphide This principle is heat stable. At a dose o f  2.5mg/Kg o f  body 
weight this com pound could reduce blood glucose in healthy human subjects 
accompanied by increase in serum insulin level However, when different doses of 
onion extract (ranging from 25-100 gmj were administrated to healthy volunteers, no 
elTect on fasting blood glucose was noted whereas in glucose tolerance test, some 
reduction in blood glucose was noted when given alone with glucose Use of raw as 
well as boiled onion showed similar effects This suggests that onion reduces rise inKm* SmS

b lo o d  g l u c o s e  induced  b\  g l u c o s e  load.  In s i m u l l a n e o u s h  increas ing  the secre t ion  o f  
insulin ( P o la s o .  1 )

S u g ars

f r u c t o s e  p r o d u c e s  a low er  rise ol  b lo o d  sugars  than g l u c o s e  ( O s e n .  l ' JS 7 )  Low  
d o s e  f r u c to se  b o o s t e d  the abil ity to process  g l u c o s e  in the l i \ e r .  an e f fec t  that c o u ld  
help p e o p l e  with  p o o r h  contro l led  b lo o d  g l u c o s e  H o w e v e r  e x c e s s  u se  o f  fructose  is 
a sso c ia te d  w i ih  tr ig l scern les  and harmful cho le s tero l  l eve ls

Sugar  itself either su c r o s e  or fructose  adds  ca lo t te s ,  increase  b l o o d  g l u c o s e  
l eve ls  q u ick lv  and p r o v id e s  no other nutrients,  p e o p l e  with  d ia b e te s  s h o u ld  c o n t in u e  
to a v o id  p r o d u c t s  l ist ing m o r e  than V . m ' d  sugar per serv in g  and e v e n  fruit intake  
sh o u ld  he  m o d e r a t e

Artificial  sweeteners

Diabetics are advised to use artificial sweeteners in place o f  sugar There are 
several artificial sweetening agents such as saccharin, aspartame etc which are also 
calorie free Their limited use is normally considered safe for diabetes



Phytic acids/ Tannins

This usually contained in cereals and pulses, mat have a more dominant role in 
decreasing the blood sugar rise than fibre. The blood glucose response becomes less 
with increasing content o f  phytic acid in food.

12.D IE T A R Y  G U ID E L IN E S

In general, all foods can be classified into the following 3 categories for 
diabetics

1) Foods that can be used freely 
Vegetables
Green leafs \egelables 
Spices
1 l igh-f ibre  f o o d s

2) F o o d s  to be used  in m o d e r a te  am oun ts  
Fats
N u ts
C erea ls  P o o l s  T u b e r .
Pulses

Fruits
Milk prodiK t .
M eat  p r o d u c t s
F g g s
Artificial sweeteners

3) Foods to be avoided 
Sugar
Sweets 
I loney
Jam and jellies 
Cakes and pastries



Sweetened juices and soft drinks
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In brief, the diabetics should
■ Avoid sweets
■ Use fats in limited amounts
■ Take cereals and pulses in right amounts
■ Include high fiber foods as mush as possible
■ Take vegetables as desired
■ Take permuted fruits in limited amounts

When diabetic patients have to eat in parties or restaurants, they should select 
food items from the menu based on these dietary guidelines

M odel  diets

1200 CAL. D IA B E T IC  D IET (Obese)

F o o d  s t u d

( ereals  
Pulses
Green  leafv \ e g e t a b l e s
Other v e g e ta b le s
Fruits
Milk
Oil
Flesh fnuds

A m o u n t  (g)
Vegetarian N o n - \  euetarian

s I
on

2ni)
200
I mi
tun
in

I S

15
200 
200 
I nil  
|0 0  
I*
•Ml

This diet provides

g % calorics

Proteins 50 16
Fats 29 21
Carbohydrates 190 63



1500 CAL. DIABETIC DIET (Normal)

! Food stuff Amount (g)
Vegetarian Non-vegetarian

Cereals 225 250
Pulses 60 20
Green leafy vegetables 200 200

j Oilier vegetables 200 200
Fruits 100 100
Milk 300 150
Oil 15 20
Flesh foods - 70

I his diet pruv ides

ij calories

Proteins 60 15 5
Fats 17 21 5
Carbohvdrates 224 63

2000 r \ E .  D IA B E T IC  D IET (u n d e r weight)

Food stuff Amount (g)
Vegetarian Non-v egelanan

Cereals lo o  350
Pulses 70 25
Green leafv vegetables 2oi) 200
Other vegetables 200 200

■■■ -  ■ ----------------------------------------------------------

Fruits 2(io 200
t -  —  —

I Milk 400 200
Oil

L  — —  —  —  —  —  ----------------

20 2^
1 Flesh foods - 10

This diet provides

14 "n calories

Proteins
Pats
C'arhohyrlrates

6-1 13
48 22
128 65



Food stuff Amount (g)
Vegetarian Non-vegetarian

| Cereals 375 425
Pulses

|
60 20

I1 Green leafy vegetables 200 200
j Other vegetables 200 200

Fruits 200 200
Milk 300 150
Oil 25 30
Flesh foods - 50

I lus diet  prov ides

Calories 
Proteins 
Fats
( a rb n ln J r . i te .

Food exch ang e  s \ s l rm

lhe  1 1 1 1 ,il1 1 \ <d I'iinl ,md tnt.il calorie intake ol a diabetic should not varv 
marked!-. p.irltuil.u Iv bn a p.ilient with IDDM Food exchange .svstcms useful lor 
I hi s purpo .e in vv)uc h loud , prov idini1, almost same amount ol calmies. caiboh\dtale . 
proteins and Int. aie .'-painted grouped H us  list provides vanctv lo diet keepmy the 
total nutrient intake con.I.ml Dilleient gioups id food exchanges have been 
developed such ,l; vegetables, fruits, cereals, legumes, flesh foods, nulk and fat 
exchange F-nch exchange list provides a number of food items that can he 
interchanged within the group None of the exchange group can ilsef supph all the 
nutrients needed for a well balanced diet

The food exchange list helps the patients
a) Restrict the food intake according to the insulin prescription
h)To have variety in the diet
c)Pas\ learning o f  the principles o f  diet

g 11 ii calories

75 I 3 3
on 2 3 S



d)To maintain body weight

List of food exchanges
a) Milk exchange
b) Meal exchange
c) Fat exchange
d) Cereal exchange
e) Fruit exchange 
0  Dhal exchange

g) Vegetable exchange
Group A 

Group B

a) Milk exchanges:
Each milk exchange contains Pro-3 g. CHO-4 g. Fat-4 g. kcal-05 
C ow 's  Milk - 100 ml (1/2 cup)
Buffalo's milk 
Curds
* Skimmed milk 
"Skimmed milk powder 
Whole milk po u der
* f at negligible
h) M eat exchange:
F .ich meal exchange o>ntam-. Pro-7  ̂ g Pat-o i'. kcal-S'1
Fteef
Chicken
Liver
Pork must le
Egg
Meat

50 ml (1/4 cup)
100 ml (1/2 cup)  
2 00  ml (1 cup)
1 X g (5 tsp)
13 g (3 tsp)

7 s
7^ g
7 s g

medium 
so g

Fish - 75-100 g
Fish and liver contain small amounts o f  CHO There is wide variation between items
in this exchange

i J

c) Fsit exchange:
Each fat exchange contains Fat - 10 g, kcal - 00
Oil (anv variety) - 10 g (3 tsp)



Ghee
Butter
Vanaspathi
Margarine

d) Cereal exchange:
Each cereal exchange contains Pro 
Rice
Cooked nee 
Wheal rava 
Broken rice
Sooji
Oats
Vermicelli 
Flakes 
W'heat flour 
Ragi  Hour  
Pice Hour
* Arrow rn.it
* Sago 
(dli 
Dosni 
Ohapathi 
I pma
N o o d l e s  Spaghett i
Potato
Yam
Colocasia 
S u e d  potato 
Tapioca 
Bread
* Protein negligible

- 10 g (2 tsp)
- 12 g (2 '^  tsp)
- 10 g (2 tsp)
- 1 0 g

1-3 g, CHO - 18-21 g. kcals-85
- 25 g (2 Tbsp)

Vi cup
- 25 g (2 Tbsp)
- 25 g (2 Tbsp)

25 g (2 Tbsp)
25 g (3 1 j Tbsp) 
25 g (2 1; Tbsp) 
25 g (5 Tbsp)
25 g (3 1: Tbsp) 
25 g ( 3 ' .  Tbsp) 
25 g (3 Tbsp)
25 g (2 Tbsp)

I medium si/e 
1 medium si/e
1 medium si/e 
1; cup
1 2 cup

- 1 0 0  g
- 75 g
- 1 0 0  g
- 75 g

- 5 0  g
2 half inch slices



e) Fruit exchange:
Each fruit exchange contains CHO - 10 g, kcals - 40

- 4 - 5
1 small
2 fresh 
Vz small 
1 small

Ami a
Apple
Apricots
Banana
Custard apple
Dates
Grapes
Grape fruit
G u a v a
Jack fruit
Jambu
M a n g o

M e l o n

Orange
Papav a
Peach

Pear

Pineapple 

P lum .

Sapoia 
Straw b e r r i e . 
S w e e t  11m e  
Water m e l o n

2
-  20 

Vz small 
1 medium size 
3 pieces 
10 small 
1 small 
1 slice 
1 average 
2" \  3" slice 
1 medium 
I small

I small 
I cup
I medium si/e 
I slice (200 g)

f) Dim! exchange:
Each exchange contains CHO - I 5 g, Pro - (̂  g, kcals - 85
Pulses • 25 g C-i cup cooked)
Legumes



h) Vegetables exchange:

Group A - Low calorie vegetables
Each exchange - Vi cup cooked vegetable CHO upto 6%  kcals 30
Cabbage
Celery
Lettuce
Mint
Spinach
Sirukeerai
While radish
Paruppukeerai
Amaranth
Ash gourd
Bitter gourd
Brinjal
Tomatoes

Cauli flower 
Chow chow 
Cucumber 
Drumstick 
Ladies finger 
French Beans 
Capsicum 
Ko\ ai 
Knolkhol 
Green papaya 
Plantain flower 
Pumpkin
Ridue Ltourd. Snake uourd

Fenuereek

G ro u p  B
Each exchange - I; cup cuuked vegetable Cl 1C) n-12%, Pro - 2-3 g, kcals 5
Agafhi Drumstick lea\ es
Beetroot Jack 1 rint tender
( irroi Radi'h-Pink
Turnip Onion small
Onion-Big Coriander leaves
Mango-ginger Double beans
Broad beans Turnip leaves
Cluster beans Gogu



Alcohol and diabetes

1. Alcohol contributes to calories and upset dietary regulation.
2. Alcohol damages the liver, hypoglycemia occurs due to impairment o f  glucose 
generating capacity o f  the liver. Alcohol is absorbed from the stomach and reaches 
the liver through blood stream. It is metabolized in degradation o f  alcohol; its 
capacity lo release glucose from its reserve stores is blocked, thus the danger of 
lowering blood sugar, especially in those who are on insulin and oral drugs.
3 Alcohol induced intoxication may mask the usual symptoms o f  low blood glucose 
level
4 Combination o f  a alcohol and sulfonylureas may cause intense flushing o f  face 
and palpitation Smocking increases the risk o f  diseases afTecting heart and blood
vessels

The diabetic should avoid alcohol Avoiding alcohol had several advantages 
both for the individual .ind the societv

Sm ock ing
Smockers are susceptible to mvncardial infarction because

It lowers the 11DL svnthesis
N i c o t i n e  is a v ;lso c<>n t i i i t o r

Increases c l o l l m i '  o l  h l o o d  in b l o o d  vessels
Reduce, o w g en  applies to the heart and mciea.se heart tale

Salt
Salt can raise the hlood pressure and people with diabetes should limit salt 

intake, particularlv if ihev have hvperlcnsinn. arc over weight or both Over weight 
people who have a high sodium intake mnv he at increased risk for death for heart 
disease High sail diets in people who are sensitive to its effect mav harm the kulnev 
and brain even independent^ of high HP Reduction in salt intake is best achieved 
In cutting down ihc use o f  added salt



CofTee and tea

M ankind's most popular drug is Caffeine. It increases the blood pressure and also 
produce heart beat abnormalities.

Points to be considered in planning diet for a diabetic
a) Daily energy intake estimated considering factors as age, sex, actual weight 

in relation to the desirable weight, activity and occupation.
b) Dietary calories should be 60-65%  from CHO. 15-20% from proteins, 15- 

20% fats
c) Simple sugars should be restricted as they have high GI.
d) Calorie is adjusted according to type o f  insulin.
e) Fat with high PUFA is preferred Avoid atherogenic diet.
0  High protein intake helps to increase insulin production and promotes satiety
g) Vitamins and minerals supplemented to meet daily requirements
h) Timelv intake o f  in between meal snacks should be stressed to a \o id  

h\ poglccemia
i) Food exchange li t followed
I» Complex CHO and liber included in the diet 
f ) Patient should avoid la. ting and feasting
I) Regulating ol meals needed lor patients taking insulin or oral h \pogl\cem ic 

a g e n t .
m) Sodium intake n o t  more than n g dails Sodium lestricled to 3 g m 

hv porterra v e

C onclusion
Indians arc generally more susceptible to diabetes more than other ethemc 

groups and the prevalence o f  diabetes is increasing with improvements in socio
economic status Since both genetic and environmental factors play an important 
role the development of diabetes, at least initially, high risk population have to be 
screened and individuals with IGT should be advised to take appropriate 
preventive steps such as reduction o f  body weight and calone intake, particularly 
from saturated fats with a increase in dietary fibre and physical actmtv They are



advised to increase physical activity, maintain ideal body weight and stop 
smocking so that development o f  diabetes can be delayed, i f  not prevented.

NATURES’ PRESCRIPTION FOR A HEALTHY LIVING
1 EAT TO LIVE. DO NOT LIVE TO EAT 

Maintain a desirable body weight
2. CLEAN UP THE OILY MESS

Reduce total fat and saturated fat. avoid cholesterol and use vegetable oils in 
moderation

i HE WHO FOLLOWS NATURE IS NEVER OUT OF THE WAY
Eat natural foods like coarse grains, whole grain cereals, pulses, fruits and 
vegetables Restrict refined foods, processed foods and sugar.

4 A LITTLE SALT IS DIVINE. BUT TOO MUCH IS HARMFUL 

Cut down salt use
X H IERE IS \ DEVII IN EVERY BERRY OF THE GRAPE 

Avoid alcohol
o DON T GET REDUCED TO ASHES 

D on’t smoke
7 THE WISE DEPEND ON' I XI RCISF FOR I ITNESS 

T ake  regular e x e r u  e
x h o p e  f o p  m i  hi si \ \ d d o n t  d r i v i  y o i  RSI I \t s t o p f a t h

Get to kn ow  the s o u r c e  o f  vour  stress and avo id  it Relax'
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1. IN T R O D U C T IO N

The problem o f  malnutrition continues unabated despite significant 
achievements made in various spheres, particularly agricultural production, food 
sufficiency and industrial growth. High levels o f  malnutrition particularly among 
women and children have been directly and indirectly influencing mortality rates 
in infants, children and women. Although the country has been able to eliminate 
florid nutritional deficiencv syndromes like pellagra, beri-beri, scurvy etc, chronic 
energy deficiencv' among adults, under nutrition among children and 
micronutrient deficiencv across all children and micronutnent deficiency across 
all secuons o f  the population continue to be a cause o f  concern The use of 
fortification as a means of delivering nutrients to a population is more relevant 
and widely advocated as a means o f  improving the nutrition status o f  the 
population in the developing countries where there are wide spread specific micro 
nutrient deficiencies life imn iodine and vitamin A

2. MAGNITUDES OF T ill NUTRITIONAL PROBLEMS
2.1 VITAMIN A DEFICIENCV (VAD)

Vitam in  and it.  derived ret inoids are required lor  v is ion grow th ,  
reproduct ion ,  epithelial  cell d i l lerent iat ion and m u c u s  secre t ion  Mild def ic iency  
c a u s e s  night bl indness  and conjunctival  le s ions  m o r e  se v e r e  d e f i c i e n cv  involves  
the cornea ,  resulting in fera tom alac ia ,  \ e ro p h l f ia lm ia  anil perm anent  blindness

Vitamin A deficiencv in ranked along, with PLM and iron deficiency 
anaemia as one o f  the three lop priori!v nutritional disease ( W HO, VAD is
a public health problem in MR countries hitting hardest young children and 
pregnant women in low-mcome countries.



Factors leading to VAD

1. Poverty and low purchasing power for families limit the intake o f  animal 
products, fruits and vegetables other than the cheapest staples

2. Mothers deficient in serum Vitamin A bear children with low reserves 
These ofT spring have little chance o f  early replenishment due to low 
vitamin A content in their mother’s milk

3. Diet o f  post weaning children lacking in calories, protein and Vitamin A, 
which leads to PCM and more VAD

4 Repeated Gastrointestinal infections, respiratory infection and childhood 
disease aggravate malnutrition and in a certain proportion o f  children, 
bring about xerophthalmia as well

Prevalence

Children ( I -5 years)- l-V\,
•N ight  b l indness  - t » 7 1 r,n
•Bitot’s spots -ii 7(>'..

Pregnant women
•Nu^ht blindness -2

(ICMK. 2001)

2.2 IR O N  D E F IC IE N C Y  A N A EM IA  (IDA)

Iron is an essential trace element, involved in 3 major functions. The 
delivery o f  oxygen for sustenance of life is accomplished by hemoglobin and 
myoglobin, which contain iron as an intrinsic component As a constituent o f  
cytochrome, iron is also needed for cellular rcspirntion It is involved in the 
detoxification o f  lethal peroxide species formed in the tissues Iron is a co-factor(



the metal component) o f many enzymes like cytochromes, calalase and 
peroxidases, which cany out several vital functions in the body ( Jagadeesan and 
Kaladhar, 2003).

Prevalence

Children (below 3 yrs) -  7*4%
Expectant mothers -  85%
Adolescent girls -  90%

(ICMR. 2001)

2.3 IODINE DEFICIENCY DISORDERS (IDD)

The functional significance of iodine is accounted for by its presence in 
the thyroid hormones, ulm.li regulate a u ide  \uriety o f  physiological process in 
virtually all tissues o f  higher organisms Essential iodine is required for growth, 
cell differentiation and induction ol RNA and protein synthesis (Jagadeesan and 
Kaladhar, 2003)

Goiter and cretinism are the two outstanding clinical manifestations o f  
endemic iodine deficiency Since a wide \ariel\ ol physical and neurological 
disorders are associated with IDD. I let/el introduced the term IDD tn place ol 
endemic goiter in 1087

The spectrum of IDD

Foetus abortions, stillbirth, congenital anomalies, increased prenatal mortality, 
increased infant mortality, neurological cretinism, mvxoedcmatous cretinism, 
psychomotor defects



Neonate: neonate goiter, neonate chemical hypothyroidism
Children and adolescents: goiter, juvenile hypothyroidism, impaired mental 
function, retarded physical development
Adults: Goiter with its complications, hypothyroidism, impaired metal functions

Prevalence

IDD in children (6-12)
Goitre present: 4.78 %
Grade 1 goitre: 4 66 %
Grade II goitre 0 12 %
Deaf-mutism/Cretinism 0 18 %

Adults
Goitre 5 %

(ICMR. 2001)

J. C A U SE S O F  MIC R O M  T IU E N T  M VI.NUTRITION

In most developing countries, the adequacy o f  food supplies at the national 
level doesn’t ensure that adequate loud is available at the regional, household or 
individual level factors  that can mlluence the ability o f an individual to acquire 
and utilize nutrients include local food and water availability, food prices, a 
country's capacity to impart food, income and purchasing power, women 
workload and education level, local customs and food taboos, sanitary conditions 
and health status Thus because these social, political and economical factors 
contribute to malnutrition, solutions require more than the provision o f  food and 
nutrients. There are interrelationships among malnutrition, poverty and economic 
development The causes can be immediate, underlying or basic



Immediate
•> L ow  intake o f  foods rich in micronutrienls
❖ Low  intake o f  substances like Vitamin C that enhance absorption
*> High intake o f  factors like phytates and tannins that inhibit absorption
❖ High incidence o f  measles, diarrhoea and parasitic infections
❖ Maternal deflciencies

Underlying causes

•> Inadequate breast-feeding practices 
•> Inadequate or incorrect complementary feeding practices 
•> Inadequate caring capacity: time, knowledge etc 
v  Low levels o f  family education, awareness, knowledge and motivation 
v  Intra-household maldistribution nf access to food, health services and 

cares
v  Po or  c o o k i n g ,  f o o d  preparation,  storage,  preservat ion  and p roce s s in g

facil ities at h o u s e h o l d  levels  
v  Be l ie fs  and pract ices  that restnct access  to certain l o o d s  for familv

m e m b er s
■!* Lack o f  institutional capacitv  in nutrition or p erso n n e l  trained in the  

var ious  c o m p o n e n t s  o f  micronutrient deficiencv p i e v e n t i v e  p r og ra m m es  
•I* L o w  p r o d u c t io n  o f  micronutr ient rich foods
*> Lack o f  h o u s e h o ld  level  gardening.

Insuffic ient market ing  for kcv food'.
*!• P o or lv  d e v e l o p e d  c o m m erc ia l  food process ing  indust iv

Basic causes

•> Lack ofresourc.es to produce micronutrient rich foods
•> Failure to consider in agricultural and health policy making
❖ Poor economic or physical access to markets



•> Little o r no productive land
v  Lack o f  access to  seed and other inputs
•> Lack o f  access to  w ater for drinking, hygiene, irrigation
v  S ease nab ih tv o f  food avaflabflitv

~  m

Low  status o f  and lack o f  resource control by women 
v  High prevalence o f  certain endemic diseases

4. STRATEGIES FOR MANAGEMENT OF MICRONTTRIENT 
MALNUTRITION

Strategies for the preienuon of rrucronutnent deficienoes may \ary  
among population groups and will depend on detailed assessments o f  the 
prevalent deficiencies and their causes To plan, implement and e\aluoie programs 
ccst e f l e t tn e h  it t* essential to ha', e inf rm_l'. ■ n rn  food ccnsum rlion  ra t tem . as

A 4

well as socio-culturol and eo:n. m e  rs that influence both intake and 
metabolic need Intern ati nil m g am/a*.! actr. e :n m.arc nutrient projects
(AVTIO. FF. W \ C G  IN W O i  rev -mm ended four i e- strategies to eradicate
rmcronutnent malnutritr n Tlte : ire

a Nutrition educati >n 
h Dretar. docraf ica linn  
c DtcT.ir. uppIemrTit.iti m 
d Fond fnrtifii nti >n

5. D E F IN IT IO N

•Food fortification has been defined as the addition of one or more essential 
nutrient1; to a food, whether or not rt i> nm m ilh  contained in the food for the 
purpose o f  presenting or correcting a demonstrated deficiencv o f  one or more 
nutrients m the population groups (FAOAVHO, I W )



•  Fortification refers to the process o f  addition o f  a nutrient to a food to 
im prove its quality or as a means o f  delivering the nutrient to a population 
to correct the existing nutritional deficiency among them (Rao, 2003)

Other terms related to fortification

Restoration . Addition to a food o f  essential nutrients which are lost during 
the course o f  good manufacturing practice, or during normal storage and handling 
procedures, in amounts which will result in the presence in the food o f  the levels 
o f  the nutrients present in the edible portion o f  the food before processing, storage 
or handling (FAOAVHO, 1994)

Enrichment Term  used interchangeably with fortification, but else where it has 
been defined as the restoration o f  vitamins and minerals lost during processing 
(Hoffpauer and Wright. 1994)

6. F O R T IF IC A T IO N  S T R A T E G Y  TO  R ED U C E  M A L N U T R IT IO N

Effective nutrition interventions are available to present malnutrition and 
their consequences Short-term strategies such as nutrient supplementation have 
been effective m providing immediate relief but there is concern that this 
approach is not sustainable in the long term Food fortification is more cost 
effective and sustainable solution it plays a major role in improving the diet and 
meeting the micronutncnt needs of the population Tins must be viewed as part o f  
an integrated food-based strategy, others includes dietary diversification, 
homestead production and improved food processing and storage



>  D oesn 't  necessitate change in dietary pattern o f  the population
>  Deliver a significant proportion o f  the RDA for a num ber o f  

micronutrients on a continuous basis
>  Can be implemented relatively quickly and can be sustained over a long 

period o f  time
>  Dovetailed in to the existing food production and distribution system
>  Food fortification is a population-based approach
>  Food fortification is preventive
>  Food fortification is cost effective

7. H IS T O R Y  O F  F O O D  F O R T IF IC A T IO N

The Persian physician Melanpus, who suggested adding iron fillings to 
wine to increase so ld ier’s potency, mentioned nutrient supplementation o f  foods 
for the first time in the year 4<ioo It C In 1X11, the French physician Boussingaull 
urged adding iodine to salt to prevent goiter. The concept o f food fortification 
with vitamins and minerals was documented over 50 years ago to prevent overt 
and sub clinical deficiencies o f  vitamin, minerals and trace elements Farliest 
reported example is the iodi/ation of table salt in Swit/eiland since l l)21 to 
prevent goiter and cretinism, which were wide spread throughout the alpine legion 
until then Rickets, caused by vitamin I) deficiency, was once com m on in voting 
children in Northern Hemisphere because o f  the lack of sunshine in the winter
months It was p revailed  by the addition o f  vitamin D to infant formulas and
vitamin D fortification of milk and dairv products Margarine was the first
substitute or imitation food produced on a large industrial scale Its introduction in 
Denmark in the 1930s led to wide spread deficiency o f  vitamin A in children It 
was soon recognized that in order to be o f  nutritional equivalence to butter, 
margarine had to be fortified with vitamin A Vitamin D was also added later 
Flour enriched was first introduced in USA during World War II to prevent



pellagra and sub clinical deficiencies o f  thiamine, riboflavin and niacin. 
Fortification o f  sugar with Vitamin A, first introduced in Guatemala in 1974, is a 
more recent example o f  a large-scale nutritional intervention to prevent nutritional 
blindness and sub clinical Vitamin A  deficiency

In India, possibilities o f  fortifying salt with lysme, iron and vitamin A 
were tried as early as in 1970. Central silk marine research institute (CSMRI). 
Bhavnagar, developed a process where gypsum (C aS 04) which is already present 
in sea water can he co precipitated with NaCl in a single operation. Fortification at 
the level o f  5% C’aSCM proved successful at the production and sensor.' tests The 
observaUons suggested that the utilization o f  Ca from C aS 0 4  added to salt were 
similar lo that o f  C aC 0 3  and calcium lactate (NIN. 1970).

8. W H Y  IS F O R T IF IC A T IO N  D O N E?

•>To restore nutrients lost during processing
v A d d  nutrients that may not he present naturally in food
v T o  standardize the contents o f nutrients that show wamble concentration

W hat foods m ay  he fortified?

lh e  primary requirements for any fortification stiategs are. the food 
should he carefully processed and distributed and the nutrient should he added at 
the point o f processing Ihis forms a limited commercial objective of protecting 
the nutritional status o f  the consumer and confirming to the country's food 
legislation in cases o f  fortification lo improve the quality of foods, the essential 
requirement is that the food concerned should he centrally processed with 
appropriate technology to permit the introduction o f  the nutrient in to the product 
Such additives are often advocated for cereals, which are deficient in one or more 
nutrients and form a bulk o f  the diets o f  the population It is feasible in countries 
where all the cereals are processed, packed and marketed, but not in developing



countries where cereals are not subjected to high technologs- processing but 
mostly consumed after home level processing.

Specific criteria should be met when choosing the appropriate food vehicle 
to introduce the fortificant. The international life sciences and food and 
agriculture organization recommended that the food vehicle meet the following 
criteria
• The Food should be consumed by all population groups or by majority o f  the 
target population that is at nsk or vulnerable to nutritional deficiencies
• The Food should be used regularly and in consistent amounts
• The taste, appearance and smell o f  food shouldn’t change
• The Fortificant should remain stable under extreme conditions such as cookinc.

W

food processing, delivery and storage
• The Food should not be consumed in amounts that would present a risk o f  
consumption at toxic lev els of the forlificant
• The Food should not increase the market cost in order to ensure alTordabilitv to 
the general population

W hen is a nutrient considered an appropriate  fortificant ?

> Stable in the food vehicle under normal conditions ol storage, dislnbulion and 
use
> Physiologically available from the food
>  Present at a level in which there is a reasonable assurance that consumption 
o f  the food containing Ihe added nutrient(s) will not lesull in an excessive intake 
o f  the nuinent(s). considering cumulative amounts from other sources 1 1 1  the diet
> Suitable for its intended purpose and in compliance with applicable 
provisions o f  R A 3 7 If) and regulations governing the safety o f  substances in
foods



9. F O R T IF IC A T IO N  T E C H N O L O G Y \\ y
Advancements in science and technology’ have enqbjed the technologist to 

fortily almost all foods. Foods can be fortified with nutrienis either in powder 
form  or liquid form. Micro-encapsulation techniques enable liposoluble vitamins 
to be produced industrially in a hydro-dispersible pow der forms. The technique o f  
food fortification depends on the food processing technology' used and are as 
follows

1. Dry mixing for foods like cereals flours and their products, milk powder, 
beverage powder etc
2. Dissolution o f  water, for liquid nulk, drinks, fruit juices, bread, pastas, cookies 
etc
3 Spraying for corn flakes and other processed foods requiring cooking or 
extrusion steps that would destros vitamin activity
4 Dissolution in oil for oil\ products like margarine
5 Adhesion for sugar fortification, vitamin A m powder form is adsoibed on to 
the surface of sugar crystals when used w ith a vegetable oil
6 Coaling for rice, the u tam m s sprayed over the grain must he cooked lo avoid 
losses when grams are washed before cooking
7 Pelleting for rice, the vitamins are incorporated in to pellets reconstituted from 
hroken kernels

10. F O R T IF IC A T IO N  O F  FO O D S T O  IM P R O V E  N U T R IT IO N A L  
Q U A L IT Y

Some commonly consumed staples and other natural foods arc deficient in 
one or more nutrients Improvement in their nutritional quality by addition of the 
deficient nutrient can go a long wav in improving the nutritional status of the 
population



10.1. Rice and other whole cereal grains

Inexpensive staples such as rice, com  and wheat flour have the potential to 
reach large population. However, these foods are often eaten where they are 
grown and processed at the commercial level. This limits opportunities for 
fortification but also increases quality and safety challenges. N ot withstanding this 
the fortification o f  whole grain cereals remains an intriguing and challenging 
possibility Examples o f  staple foods whole nutritional quality improved through 
fortification

a) Wheat which id deficient in lysine is fortified with the amino acids lysine 
or with other protein rich in lysine lo improve its protein quality

b) Maize deficient in lysine as well as tryptophan and can be fortified with 
these tow amino acids

c) Rice, particularly the highly polished one, is deficient in D- vitamins and 
also its protein is deficient in threonine Attempts have been made lo 
enrich rice with ll-\itamins and threonine

The earliest methods o f  rice enrichment involved the production of parboiled
and converted rice Bv this means nutrients from the bran layer were transferred to*  *

the starchy endosperm Ihe parboiling process involved the soaking ot the rough 
rice. Ihe application ol heat followed by drying and milling It was demonstrated 
that in this way 50-90% o f  the thiamine was retained (Misaki and Yasumatsu. 
1985) The process for converted rice developed by H u/cnlaub (Misaki and 
Yasumatsu. 198*1) vvas similar to that for parboiling, but also employed pressure 
differences to facilitate transfer o f  nutrients Acid parboiling, described bv Kondo 
(Mitsaki and Yasumatsu. 198*1) was similar to the parboiling except that it was 
carried out in the presence of acetic acid

After parboiling and converting, the next methods o f  enrichment involved the 
actual addition o f  nutrients to the milled products Techniques used for this have 
been classified into two mam groups 'pow'der type’ and 'grain type' enrichment 
fllolTpauer, 1992; Hoflpauer and Wright, 1994)



In pow der type enrichment, a powdered pre-blended mixture o f  vitamins and 
minerals has been added at a rate o f  1, 0.5. or 0.25 oz, per 100 lbs o f  rice (a w/w 
ratio o f  1:1600, 1:3200 or 1:6400). For white parboiled rice, the normal practice 
has been to add the premix soon after milling as the heat and moisture at the grain 
surface at this point facilitates adherence o f  the powder. A m ajor disadvantage o f  
this method o f  nutrient addition has been that 20-100%  o f  the nutrients are lost on 
washing. In the USA, rice enriched in this way must bear a label stating 'to retain 
vitamins do not rinse before or drain after cooking'.

In the second major type o f  enrichment, a powdered nutrient mixture has been 
applied to the milled rice grains followed by coating with a water insoluble 
substance (Cort el a l . 1976; MofTpauer, 1992) A fortified rice premix produced in 
this wav has then been added lo milled rice al a rale o f  0.5%, to yield an enriched0  m

product conforming lo the required standard o f  identity.

'Grain type' or 'coated grain' enrichment have also been earned out b\ 
spraying the prcrnix solution onto the rice which is contained in a rolarv cylinder, 
followed by hot air diving of the rice, application o f  a water insoluble sealant, 
addiUon of the iron compound and finally a second application o f  the water 
insoluble com pound (Bauernfeind and DeRitter, 1991, Cort ct a l . 1970) Water 
insoluble coatings, which have been reported, include an ethanol or isopropanol 
solution o f  /cm , palmitic or stearic acid and ahcitic acid Other coating materials 
have contained ethyl cellulose They d issohe at the elevated temperatures 
employed during cooking (Bauernfeind and DeRitter, 1991) Using this 'coated 
gram' procedure, f o r t  ct al (1976) and Rubin ct al (1977) were able to 
successfully enrich rice with niacin, thiamine, pyridoxinc, vitamin A, vitamin F, 
folic acid, iron, and zinc using expanded versions o f  the procedures already 
described The water insoluble vitamins and minerals were added in different 
layers with intermittent coatings o f  shellnc Stability to rinsing treatments were 
reportedly high, with vitamin losses in the range o f  0 2-1.1 %



Ferric orthophosphate (white iron) is a recommended form o f  iron for use in 
the fortification o f  rice (Hoffpauer, 1992). This iron com pound is almost water 
insoluble and has been preferred for mixing with milled rice due to its wriite 
colour. W hen  it is oxidised or contains excessive moisture it may become tanu 
yellow, purple  and or black. Hurrel (1985) reported that the bioavailability o f  
ferric orthophosphate varied widely from batch to batch and was highly 
negatively correlated with panicle size as was also found with elemental iron. 
This fortificant compound is more expensive than anhydrous ferrous sulphate. 
According to Hurrel (1985) the cost o f  ferric orthophosphate was about six times 
that o f  anhydrous ferrous sulphate, for the same level o f  total iron

In Japan, a mullinutnent enriched rice has been on the market since 1981. The 
first step in this procedure was acid parboiling in the presence o f  thiamine, 
riboflavin, niacin, pantothenic acid and pyridoxme The second step involved 
coating the grain with separate layers o f  \itamin Ii, calcium and iron in separate 
layers and finally a protective coating material (Misaki and Yasumatsu, 1985) 
Modified atmosphere packaging, utilising aluminum laminate and carbon dioxide, 
ensured lire stability o f  \itamm I: during storage The yellow or brown colour o f  
the premix was not a problem in this case as it was used in the fortification o f  
'brown' rice

Apart from these well-established procedures there have been other 
innovations regarding alternative methods lor rice fortification Joseph cl a I 
(1990) described an enrichment procedure using a prcmix containing thiamine, 
riboflavin, niacin and pvridnxmc Tins procedure involved soaking the milled nee 
in an acid m edium  containing the water-soluble vitamins followed by the cross 
linking o f  starch granules in the enriched grains The cross linking procedure itself 
was demonstrated to have caused significant vitamin loss, but the added vitamins 
were highly cook and wash stable It is possible that this method could have some
utility in the future
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Use o f  fortified simulated grains has featured prominently in attempts at rice 
fortification in the developing countries Murphy et al (1992) described the 
production o f  such a fortified rice product for use in the Philippines The synthetic 
n ee  grains were produced by extrusion o f  nee flour in a pasta machine. The best 
formulation contained vitamin A stabilised by a mixture o f  tocopherol, ascorbate 
and lipids with a low level o f  unsaturation Retinyl palmitate stabilised in an
acacia matrix, type 250 SD (Sigma Chemical Co.) was the fortificant used.
RetenUon o f  vitamin A after washing was reported to be 100% Vitamin retention 
after cooking, however, ranged from 60-94%  The formulations, which 
demonstrated the better storage stability, particularly at high humidity, suffered 
greater cooking losses Drawbacks with this technology have been reported to 
exist with respect to blending with the natural product and in the consistency o f  
the simulated gTains after cooking (Murphy ct a l . 1992; HofTpauer and Wright. 
1994)

The enrichment o f  uhole-wheal gr.uns with vitamin A has been attempted 
(Com bs ct al . 1994) The fortificant used was a prennx comprised o f
concentrated \itamin A attached to wheat grains, for mixing at a lex cl o f  0 25% 
with wheat grains The feasibility nf this procedure was not determined The 
fortification o f  whole grain cereals with soluble iron com pounds is difficult 
because they prom ote oxidation of the lipid component of the p a in ,  thus reducing 
the shelf life

10.2. Flours,  cornm eal  nncl bread and pasta

In the fortification of flmir the required nutrient mixture is mixed with an
appropriate diluents to produce a premix. which is then accurately metered into 
the flour The addition o f  vitamins !fi and Ffi, nincin, iron and calcium to wheat 
flour is a com m on practice in mam’ developed countries It is technologically 
feasible to add oilier vitamins nnd minerals as well Cort et al (1976) successfully 
rued two premixes to fortify wheat flour, the first comprised vitamin A,
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pyridoxine, folic acid, tocopherol acetate, thiamine, riboflavin, niacin and iron 
while the second contained calcium, magnesium and zinc.

The vitamin/iron premix demonstrated excellent stability on storage. The 
flour enriched with both premixes also demonstrated excellent stability on storage 
at room  temperature. Under conditions o f  accelerated storage at elevated 
temperature (45 °C), however, there was substantial loss o f  vitamin A beyond 4 
weeks o f  storage. Parrish et al (1980) also reported good stability o f  enriched 
wheat flour stored al room temperature, but about 50%  losses in flour stored at 
40  °C for 6 months

The form o f  vitamin A most commonly used in the fortification o f  flour 
was dry stabilised vitamin A palmitate (type 250-sd) powder form The water 
soluble vitamins (thiamin, riboflavin, niacin, pyridoxine. folate and calcium 
pantothenate) are used in pure crystalline form Hie mononitrate salt o f  thiamine 
is preferred for this use Iron is normally used in its reduced elemental form In 
die work o f  Parrish ct al (19X0) ferrous sulphate was also used as the source o f  
iron and there was no significant difference demonstrated between the flour 
enriched with ferrous sulphate and that enriched with elemental iron It has been 
recommended that ferrous fumarate be used in the fortification o f  wheat flour 
within the P L 480 programme, due to its greater bioavajlabilitv (Combs ct a l .
I 994)

Technology in modern flour mills

•A dry pow der feeder to meter out the fortificant or premix
•A means to agitate the fortificants or prc mix so that it feeds smoothly and
uniformly without lumping
-A mechanical means o f  adjusting the rate of flow o f  the mix 
•A conveying system to deliver the premix from the feeder to the flour



Feasibility offlour fortification 

•Simple technology and well established
•Extensive experience-5 CH-years o f  history' and over 30 countries currently fortify 
cereal flours
• Economical-veiv cost effectiv e for providing nutrients

Rubin et al (1977) investigated the stability o f  bread m ade from flour 
enriched by the 6 vitamins and 4 minerals described by Cort et al (1976). They 
found that the inclusion o f  calcium and magnesium adversely affected vitamin A 
retenuon dunng  the baking process There was also an ofT-flavour detected in 
bread, w hich included magnesium alter 5 days o f  storage Crumb colour and grain 
were also negatively affected bv the nutrient mullimixes tested by Rubin et al 
(1977) with the greater afreet occurring with the nutrient mix which included 
magnesium Fortification o f  bread with /me salts exerted no adv erse effect on loaf 
volume, flavour or anv other index of bread quality (Ranhotra, 1 ‘>7<>)

Indication o f  bread ha, Iven earned out in the Netherlands and Tasmania 
(Dunn ft al 19X6) bv the addition ol 2 - 1 ppm k l ( L  to the bread improver, which 
war. alreadv in general use KIO lias been used in bread production in the past, 
not as a fortificant but as tin oxidising agent lo imptove dough quality

The fortification of corn meal with <>*4 vitamin iron mixture was shown to 
be technically feasible (Rubin et a l . 1’arnsh it a l . r>xi)) Losses o f  vitamin
A on storage at room temperature for up lo six months were greater than with 
wheal flour but still remained below 2<inn

In manv countries pasta or noodles arc commonly eaten and these can 
therefore be important vehicles for fortification T he manufacture o f  such products 
involves the production o f  dough, which is then extruded and dried Enrichment 
can he through the use o f  enriched flour or alternatively, wet addition o f  a
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dispersion o f  the required vitamins can be carried out at the dough-making stage. 
Vitamin losses during production depend largely on the drying conditions 
employed. Dexter et al (1982) enriched durum wheat flour with a vitamin mixture 
containing riboflavin, thiamine mono nitrate and niacin for the production o f  
spaghetti They reported that high temperature drying treatments resulted in 
significant losses o f  riboflavin, whereas the other vitamins were stable to the 
processing conditions. In all cases cooking losses, estimated bet'ween 40 - 50%, 
exceeded those experienced during processing

10.3. B reakfast  cereals

The fortification o f  ready to eat breakfast cereals is a wide-spread practice 
in developed countries Surveys have indicated that fortified breakfast cereals play 
an important role in ensuring nutritional adequacy o f  the diets o f  the U.S. 
population

Ihe  minerals and the more heat stable \itumms like niacin and riboflavin 
have been added to Ihe basic formula mix poor to processing (Johnson i t  a l . 
1988) The heal labile vitamins such as vitamins A. C and thiamine are usually 
spraved onto the cereals after the high temperature processes such as oxen or 
extruder

(hood storage .stability o f  the fortified breakfast cereals was reported 
(Anderson ct a l . 1979) This was partlv due to the fact that packaging materials 
with appropriate barrier properties have to be selected to ensure the maintenance 
o f  equilibrium moisture contents below about s % Ihe addition o f  ascorbic acid 
was found lo stabilise vitamin A to a greater extent than did phenolic antioxidants 
(Anderson ct al.. 1979) Ihc  addition of tocopherols did not provide am’ 
additional stability, possibly because they were already present at optimal levels



10.4. Milk and milk products
10.4.1.Liquid milk

The production  o f  a large proportion o f  milk on the market involves the 
removal o f  cream. Along with the cream, much o f  the fat-soluble vitamins are 
also removed. The fortification o f  milk commonly involves the addition o f  
vitamins A and D.

Since milk is an oil-in-vvater emulsion, the possibility exists to add 
vitamins in their oily form or use water dispersible forms o f  these Base o f  mixing 
has been identified as an advantage o f  using dry, water dispersible forms o f  the 
fortificant However, the disadvantage o f  tins was that vitamins were less stable in 
this form after addition to the milk as the protective coating dissolved leaving the 
vitamin susceptible to degradation (O'Brien and Robertson, 1993) Addition o f  
oily vitamin preparations was recommended after dilution and pre- 
homogenisation with a suitable quantity of milk Addition o f  the vitamin mixture 
prior to homogenisation o f  the bulk supply facilitates uniform mixing Metered 
injections o f  the vitamin preparation upstream to the homogenise! have been the 
standard set up in continuous operation plants As both o f  these vitamins are 
sensitive to oxidation, care must be taken to minimise aeration pailiculailv during 
mixing stages

Many iron com pounds have been assessed m the fortification o f  
pasteurized whole milk At pasteurization temperatures below 7'» (' ofl-flavour 
due to lipolytic rancidity developed but these |irohlems were greatly reduced by 
increasing the pasteurization temperature to XI (' Dc-aeration ol the milk prior 
to the addition o f  iron compounds was also found to reduce flavour problems The 
best fortification procedure was judged to he the addition of ferric ammonium 
citrate followed by pasteurization at 81 °C’ In this way fortified milk containing 
30-ppm iron was found lo he acceptable nfteT  7 days storage



Calcium fortification o f  milk and milk-based beverages has been carried 
o u t  Calcium fortificani preparations including stabilisers and emulsifiers have 
been used for this purpose  to maintain calcium in suspension so as to improve 
mouth feel and appearance o f  products . In Germany a milk-based fruit beverage 
has been marketed which is fortified with calcium, phosphorous as well as 
vitamins A, E, B and C

10.4.2. Powdered m ilk

The fortification o f  powdered milk has been achieved by die addition o f  
dry vitamin preparations to die milk powder as well as by vitamin addition lo die 
liquid milk just prior lo spray drying. As with odier dry products, effective mixing 
has been best achieved in two steps: die initial dilution o f  the vitamin mixture 
with a suitable quantity of milk powder, followed by mixing into die bulk 
Consideration o f  particle si/e and density are important to prevent separation o f  
the components on storage

In the iron fortification of powdered non-fat drv milk, femurs sulphate at a 
level of 10 ppm was found to he stable for a period of 12 months ferric 
ammonium citrate and (erne chloride at a level o ;'2 0  ppm iron in the reconstituted 
product g a v e  acceptable results (Coccodrilli and Shah, 1()XM

10.4.3. Other  dairy products

The addition o f  vitamins to other d am  products such as yoghurt and tec 
cream has been practiced and enrichment of cheese with iodine through the use o f  
iodised salt has been approved in Germany

In the case o f  ice cream, there were no technological difficulties lo 
overcome The unit operations used in the manufacture of ice cream are not highly 
destructive to vitamins Vitamins are added in the dry form to the mix Since



whipping and consequent aeration of the mix is carried out around freezing 
temperature, oxidative losses o f vitamins are minimal Perhaps the greatest 
processing losses are due to pasteurization o f the mix.

In the production o f  yoghurt, the low' pH conditions render it unsuitable as 
a earner for vitamins such as vitamin A (O'Brien and Roberton, 1993). The waiter 
soluble B-vitamins are best used in a coated form, protected for odour and flavour 
considerations When vitamins are added to the yoghurt by addition to the base, 
some vitamin loss can occur through metabolism by fermentation microorganisms 
(O'Brien and Roberton, 1993)

10.5. Fats and oils
10.5.1.M argar ine

Margarine is a spread, which lias been widely used interchangeably with 
butter For this reason, in many countries fortification o f  this spread with vitamins 
A and D is practiced, since the food that it replaces is a good source o f  these 
vitamins The vitamin A requirement is met using B-caiotene as well as oil 
soluble vitamin A esters ( Bauernhm d. 1991) The oil soluble vitamins are added 
in the required amounts to a portion of warmed oil. which is then added to the 
bulk prior to homogenisation Particularly in the case of margarines with a high 
content of polyunsaturated latly acids, vitamin F has also been added Hue to the 
mild processing conditions only small overages arc required to compensate for 
processing losses 19 % lor vitamins A and I) and between ^ -1 ^0■> for vitamin H 
(O'Brien and Robertson. 1991)

10 .5 .2 .Oil

Fortification o f  oil with vitamin A in the form o f  rctinvl pnlmitatc has been 
attempted in Brazil (Nestel. 1993) Storage studies demonstrated that afler IK 
months o f  storage in dark sealed containers losses o f  more than half o f  the vitamin 
content were experienced When storage was not carried out in the dark, most o f



the vitamin content was lost after 6 months. Packaging o f  the fortified oil in 
opaque containers was therefore demonstrated to be a critical consideration. 
Vitamin A fortified oil showed good vitamin retention after 5 months o f  storage in 
sealed metal containers at high temperature and humidity (Combs et al., 1994).

10.6.Accessory Food Items 
10.6.1.Salt

Salt iodisation began in 1922 in Switzerland and has been implemented in 
mam- countries as the major mechanism for eliminating iodine deficiency Today, 
IDD remains a problem in many countries WHO and UNICEF have established 
the goal of'Universal Salt Iodisation' to be achieved by the end of 1995. Salt has 
been favoured as a carrier for iodine due to its wide spread coverage, 
effectiveness, simple technology involved and low cost Based on the suitability o f  
salt as a widely used and low cost vehicle, fortification o f  salt with other nutrients 
has also been attempted (Nestel. 1903. Kao, 1 ‘>«S5)

According lo the C o d e \  standard for food grade salt, use can be made o f  
potassium or sodium iodides and mdates Ihe lodates have been lound lo be more 
stable than the iodides under a wide range o f  conditions Stabilitv studies o f  
iodised salt using potassium mdate as the fortilicant demonstrated that there was 
no significant loss ol iodine on storage in polyethylene bags loi up to two years 
(C hauhan ct a l . 1992) and that boiling of the salt solutions led to negligible iodine
loss

According to Baucrnfcind (1991). an acceptable iron lortificant for salt is 
one, which does not discolour the salt, nor impart a flavour or odour and remains 
stable and bio-available on storage

Nestel (1993) reported on the use o f  n fortificant mixture containing 40 
ppm o f  potassium iodnte, and 1000 ppm o f  iron as ferrous sulphate and 10,000



ppm o f a permitted stabiliser, which rendered good bioavailability of both iodine 
and iron after prolonged storage. Cost was identified as a constraint in the use o f  
this fortificant system as it added 50% to the retail price o f salt.

Fortification o f  salt with vitamin A has been attempted under laboratory 
conditions (Nestel, 1993). The fortificant used was dry vitamin A palmitate type 
250 SD protected by a lipid. The fortificant was found to be unstable at moisture 
contents above 2%, since salt is hygroscopic, packaging material with an adequate 
moisture barrier must be used. Impurities in the salt were also found to destabilise 
the vitamin A The particle si/.e and shape must be such that uniform mixing 
could be achieved and segregation does not occur on storage

10.6.2. S u gar

Sugar has been found to be a suitable vehicle for nutrients in fortification 
programmes in Latin America and the Caribbean. In the vitamin A fortification of
sugar, vitamin A 2sn-( WS was pro \en  to be the most effective fortificant.

Fortification o f  sugar with iron has also been attempted Bauemletnd 
reported promising results using sodium ferric L-DTA as the fortificant 
Segregation of the fortificant and the carrier was not a problem as the iron 
compound became stuck to the sugar crystals at moisture contents exceeding 1% 
(Cook and Rciiser. I9K5) A rna|or problem, which exists with iron-fortified 
sugar, is that on addition to coffee or tea. there is marked discolouration This 
phenomenon is reduced with the use o fN aF cF D T A . hut it is still evident

10 .7 .Beverages
10 .7 .1.Tea

Brooke and Cort (1972) have reported on two procedures for the 
fortification o f  lea Fine powdered vitamin A palmitate 250 SD was used bv drv



mixing with the tea dust An emulsion of vitamin A palmitate, diluted with 50%
sucrose solution was sprayed onto tealeaves. The added vitamin showed excellent
storage stability for periods up to 6 months, and showed 100% recovery after 
brewing.

10.7.2. Fruit juices and drinks

In most cases the pH o f  fruit drinks and juices is below 4.5 and the heat 
treatment required is pasteurisation Some loss o f  heat labile vitamins, thiamin, 
folic acid and ascorbic acid, occur as a result of the thermal treatment The acidity 
o f  these drinks causes problems o f  stability with vitamin A. folic acid and calcium 
pantothenate Carbonation o f  these beverages, with the resultant exclusion of 
oxygen, improves the stability o f  vitamins. 'Hie presence o f  sulphur dioxide in the 
fruit juices used in the production of these beverages has been shown to have a 
detrimental affect on thiamine content (O’Brien and Roberton. l ‘W3)

Frozen orange |nice concentrate containing added vitamins A. Bj. and C 
showed no vitamin A loss after holding at — 1 ()cF for o months (DeRnter and

c  J

Bauernfeind. 1'i‘H ) Beta-carotene and apocarolcnal both showed good stabililv in 
fortified drinks but the latter was less stable on exposure to sunlight

Problems associated with the iron fortification o f  fruit puces and drinks  
have been outlined as follows (Cnccndiilh and Shah. I ‘ ^ )
i Accelerated loss of vitamin ('
ii Flavour and taste deterioration m the presence of thiamine, folic acid, vitamin 
A and vitamin (
iii. Levels of fortification beyond 2 7 mg per serving result in metallic ofT-flavours
iv. Decolourisation of some pigments



The stability o f  a powdered breakfast drink fortified with iron, vitamin A 
and vitamin C was found to be very7 good. For organoleptic considerations ferrous 
gluconate was found to be superior to ferrous sulphate

10.8. Infant formulas

An adapted formula is designed to supply the total energy' and nutrient 
requirements o f  full-term healthy infants during the first year o f  life. There must 
be careful selection of mineral compounds added to the formulas, as cereal 
products are highly susceptible to lipid oxidation during storage. In a study of iron 
fortification o f  infant cereals, Hurrell et a I (1989) proposed the use o f  ferrous 
fumarate and ferrous succinate as they gave rise to no objectionable flavours, 
odours or colours on storage Ferrous sulphate coated with hydrogenated fats, 
mono- or di-glyccndes and ethyl cellulose caused discolouration on reconstitution 
with hot milk and hot water

Although some allowance is made for the natural vitamin content of the 
ingredients used, most o f the vitamins are added to the formula The Codex 
Alimentarius Commission (FAO/WHO. 109-1) has published an advisor, list ol 
mineral salts and vitamin compounds which can he added to formulas

Iron absorption from formulas has been reported lo be 5-10%  compared to 
50% for human milk It has been suggested that h o u n e  milk proteins or elevated 
calcium and phosphorus levels nccounl for this difference Zinc levels in formulas 
are nJso higher than in human milk to make up for reduced bioavailability

11. S T E P S  IN S E T T IN G  OP A F O R T IF IC A T IO N  P R O G R A M M E

When the decision for food fortification as a suitable strategy against 
micronutncnt malnutrition has been adopted, the following steps in the design ol n 
fortification programme can be distinguished



L Identification o f the target group
ii Identification o f the nutrient to be added
iii. Selection o f  foods to reach the vulnerable i.e.: the target group
iv .Level o f nutrients to be added
v. Execution o f  test protocol: laboratory testing, bioavailability and pilot trails

Preliminary laboratory trials must be carried out to determine stability' and 
compactability o f  the chemical from o f  the nutrient with the vehicle e.g. vitamin 
A compatible with dry foods like sugar and condiments but not with salt

Metabolic studies carried out to determine the absorption o f  the nutrient 
from the fortified food fed along with the habitual diet

Determine the compactability o f  added nutrients with the food and 
acceptability by the target population

Testing the impact o f continuous consumption o f  the fortified food on the 
status o f  nutrient concerned among the target population under realistic field 
condition

Pilot and Large-scale production of these fortified foods 
Necessary legislations and quality standards for the fortified food and a 

system o f  monitoring its nutrient content have to be set up before it is marketed 
commercially among the population

Who shall he responsible fa r  the Food Fortification Fragrant?

Since micronutncnt is a global consumer need, a grand alliance among food 
industry, government, international and non-government organizations is urgently 
needed to eliminate micronutncnt deficiencies Each one can help eliminate 
micronutrient malnutrition through affordable food products to which are added 
very small quantities o f  micronutricnLs Their potential contributions are as
follows:



INDUSTRY (to do the fortification)
- technical know-how; use o f  appropriate technology; use of. i f  possible, local 
ingredients; quality control, quality assurance
- marketing & distribution skills; targeting groups and finding effective way's o f  
reaching them
- post-marketing surveillance
- use o f  initial margin reduction as investment
- local nutrition education programs

GOVERNMENT (to assure fair trade and to protect consumers)
- advocacy, policy-making, regulatory functions, standards-setling and 
enforcement o f  quality assurance
- provision o f  tax breaks, incentives for validated health claims

N O N -G O V T . O R G A N IZ A T IO N S -N G O s (to provide su p p o r t iv e  role)
-advocacy and promotion of positive attitudes for fortification organizations at the 
global, national and community levels
- endorsement o f  standards and product categories
- promotion o f  products that conform with standards
- training o f  health, education, and other kcv workers

12. S A F E T Y  O F  F O O D  F O R T IF IC A T IO N
A preferred intervention m the management ol micronutricnt is through a 

diet that provides a safe concentration of intakes As a matter of safety, it is 
advisable to give near physiological dose daily, which doesn’t require strict 
medical supervision (Subbiilnkshmi and Naik, luoo) Except for vitamin A and 
other fat-soluble vitamins, other vitamins are non-toxic even if ingested at levels 
higher than the recommended intakes Level o f food fortification generally ranges 
b/w 15% and 25%  per serving which is much below the critical levels F g  
Vitamin C consumed in amounts up to 100 times the RDA for very long penods 
without any undesirable side effects



Haw much nutrient should be added to foods 

The amount o f  nutrient(s) to be added is as follows:
•  For essential nutrients that are deficient in the diet, the added nutrients shall be 
1/3 o f  the RDA o f  the target consumer except vitamin C, which shall be supplies 
at not less than 100% o f  the RDA in fortified juices/flavored drinks;
•  For nutrients that are essential but have not been established to be deficient in 
the diet, the added nutrients shall supply at least 1/5 (or 20%) o f  the RDA o f  the 
target consumer'
•  For nutrients that are essential but have no established RDA, the added nutrients 
shall supply at least 20% o f  the estimated safe and adequate levels for the daily 
intake,
•  For processed foods lo be fortified with nutrient(s) with known toxicity (eg .  
vitamins A, D, E, K, Zn, Se). the level of such nutrient(s) in the food shall not 
exceed 150% o f  the RDA fi>r the target consumer per prescribed sen in g  likely to 
be consumed per day
•  For essential amino acid,, lnrtilication levels shall he in accordance with the 
recommendations o f  the Joint FAOAVIIO UNU Expert Committee on Fnergx and 
Protein Requirements, and.
•  For nutrients that have not been established as essential lor h u m a n s ,  fortification 
shall be at a significant level above the natural state as deletmined be the 
precision o f  t he  analytical methods

13. FORTIFICATION OF IODINE

Salt is one o f  the most suitable vehicles for iodine fortification and in 
general, safely used for over 70 years in programmes around the world to prevent 
iodine deficiency problem The most commonly used compounds in the lodisation 
o f  foods are the iodides and lodates of sodium and potassium These are the 
additives allowed by the Codex Alimentarius in the lodisation o f  salt the iodide 
compounds (Bauernfemd. 1991) are cheaper, more soluble and have n higher



iodine content (so that less is needed to achieve the same level o f iodisation) than 
the corresponding iodales. Iodates are more stable under conditions o f high 
moisture, high ambient temperature, sunlight, aeration and the presence of 
impurities. The use o f iodale is therefore recommended for use in developing 
countries Potassium iodide is well suited in cases where the salt is dry, free from 
impuriues and has a slightly alkaline pH. Otherwise the iodide may be oxidized to 
molecular iodine and lost through evaporation. If excess water is present the 
iodide may be separated from the salt in the water film (FAOAVHO, 1994) Loss 
of iodide can be reduced through the addition of stabilizers such as 0 1% sodium 
thiosulphate and 0.1% calcium hydroxide combined or 0.04% dextrose and 0.06% 
sodium bicarbonate (Kuhnjek and Fiedelman. 1973) Calcium salts have been 
used some report o f ofT-fiavour due lo the calcium ions The calcium compound is 
also much less water soluble than sodium and potassium compounds and tins 
further hrruts its applicability.

The level o f  fortification that has been used ranges from 3<>-2iHi ppm 
Dail> consumption o f  l'> gm of indated salt (23 ppm o f  potassium lodate). 
provides about 150 pg of iodine Using lodmated salt can e f iec tneh  control 
gorter endermas o f  mild to moderate degree

fill fortified with iodine is available for oral or intia- muscular micctions 
France is the only countrv' in the world, which is producing on a commercial 
scale, iodised oil from poppy seed oil for inicction (I ipulol) as well as for oral 
administration (Oriodol) An intramuscular injection of I ml o f  iodised oil 
containing 480 mg of iodine can maintain sat is factors iodine supply for 2-3 years, 
while the oral dose of I ml can give protection for one vcar China is also 
producing iodised oil for oral use to meet its domestic requirement

Supplementation o f  iodised oil is the best method o f  immediate prevention 
o f  new cases o f  cretinism and mental retardation in the communities living in



severe iodine-deficient areas. Once the iodised salt distribution programme is well 
ratablished. the iodised oil programme can be slowly passed out in these areas.

Universal salt iodisation (USI)

The UNICEF-WHO joint committee on health policy met in Geneva in 
Janl994.lt briefly reviewed the progress in IDD, and sharpened the focus on 
iodised salt
The Highlights o f the committees report:
i. The current intermediate goal is now to iodi/e all salts for human and animal 

consumption (including salt for food processing) in all countries where IDD is 
a public health problem

u IDD assessment is necessary to know if the problem exists, but great detail is 
not necessary in order to act towards salt iodisation

in The levels o f  iodine in salt should he adjusted after system is in operation and 
monitored by urinary iodine levels of people Imng I the main risk areas

iv The steps towards salt indi/ntion include 
a Identifying major salt sources
b Setting standards, regulation and legislation 
c Establishing advocacy and mobili/ntion plans 
d Conducting feasibility studies o f  USI 
e Establishing procurement and installation plan 
f Assuring adequate supplies o f  iodine
g Establishing internal and external quality control procedure 
h Developing and education campaign for iodised salt 
i Mobilizing necessary resources to achieve effective iodisation
v Monitoring is recognized as essential to n sustained programme



EDD prevalence and control programme data: Indian scenario

Ministry’ o f health and family welfare in collaboration with the salt 
commissioner in the ministry of industry' ensures the production, distribution and 
quality control o f iodized salt. There is a Central IDD control cell at the 
Directorate General o f Health Services (DGHS), and each state has its own IDD 
control cell. State health department are responsible for quality control of salt 
within state, creating consumers demand, monitoring iodized salt consumption, 
training, information, education and communication. India is self sufficient in its 
salt production.

It is now estimated that over 70% o f  salt consumed in India is iodised The 
scale o f  salt lodisation activities underway in the major salt producing regions o f  
the counlrv is very impressive. In addition to the commitment o f  the government 
o f  India to this initiative, the existence o f  a separate entity-the sail commissions 
office to organi/c  and co-ordinate the development o f  the salt industry, improving 
manufacturing methods and overseeing the distribution o f  salt throughout the 
countrx deserves mention Hie co-operation and collaboiation o f  the salt 
producers, who understand the importance o f  eliminating IDD and of then role in 
improving public health has resulted in rapid progress towards 1’SI The
production o f  large salt crystals, which posed a problem for the lodisation 
programme, has been largely discontinued Although large crystals could be 
iodised by spraying with indatc solution, they were difficult to pack and the bags 
often get torn During storage and transport, il dust and dirt accumulated on the 
crystals, consumed would end up washing the salt, thereby washing away the 
iodine on the surface of the crystal and thus vcn, little iodine would actually reach
the consumer

A combination of consumers demand and the salt commissioner efforts 
has made producers, to modify their production techniques to produce smaller 
crystals There is an increasing demand and supply of salt packed in I kg PE bags



Presently, there are approximately 9000 common salt producers in India, mainly 
m the private sector (90%), who until recently were partially subsidized by the 
government. There are around 500 iodination plants for commercial production of  
iodised salt. Salt is produced using sea brine, sub soil brine and lake brine. Public 
producers like Sambhar salt lake and Hindustan Salt Limited produce salt from 
lake and sub soil water.

14. FORTIFICATION OF IRON

Fortification o f  foods with iron would act as a long-term measure to 
improve the iron balance in the entire population Salt has been found to be the 
most suitable vehicle for this purpose since its cheap and universally consumed 
Initial trails have proved the efficacy o f  the iron- fortified salt in improving the 
iron status o f  rural population Fortification with iron has been successfully 
adopted for wheat flour, rice (Flavcntino and Pedro. 1990). sugar (Zoller cl a l ,
1980). milk (Walter. 1990). fish sauce (Cook and Reusser. I ,JS3) and curry 
powder (Lamparelli cl a l , I‘>K7) Other foods like wheat biscuits, wheat Hour 
noodles and m ai/e  meal have been tried

It is important to assess the contribution of iron loitificalion in 
combination with other strategies for the control of non dcliciencv in specific 
age/sex groups, so as to establish optimal goals for iron fortification o f  foods 
Furthermore, it should bo stressed that not all types of anaemias are due to iron
deficiency

Iron bioavailabilitv. influenced by physical and chemical properties oT the 
fortificant as well as the presence o f  substances, which either inhibit or improve 
iron absorption, there is a need to develop convenient models for the evaluation of
iron bioavailabilitv



The major chemical characteristics o f iron sources that determine their 
behaviour in foods are

1. Their solubility e.g ferrous salts more soluble than ferric
2. Their oxidative stale: ferrous salts are most effectively utilized than ferric 

salts and tend to be more reactive in food system
3 Their ability' to form complexes, which are not bio available: generally 

ferric iron has a greater tendency to form chelates than ferric iron
4 The presence of metal ion such as iron can speed up vitamin degradation 

and loss o f nutritional value of a food product particularly for vitamin C, 
thiamine and retinal.

5 Catalyze the oxidative rancidity of oils and fats
6 Produce undesirable colours, colour fading from off-flavours and 

undesirable precipitates

Young children aged 0 to IK months, pie school age children, women and 
adolescent girls are most vulnerable to iron deficiency anaemia Iron EDTA is not 
currently approved for use in foods in LIS because total EDTA levels in the diet 
from other tvpcs of EDTA used in processed foods approach allowable limits 
Iron EDTA is more bio-availablc form o f  iron compared to some other forms 
Nevertheless, in developing countries where people consume much less total 
dietary EDTA. it should be seriously considered as an attractive iron fortificant

15. FORTIFIC  A T IO N  W IT H  V IT A M IN  A

National level vitamin A fortification is indicated when at least two o f  the 
following 1 criteria are met
•20% or more pre school children have serum retmol levels below 20mcg/dl 

•20% nr more lactating women have breast milk retinol below 30mcg/dl 
•20% preschool children consume < 50% of their RDA for vitnmin A



In countries like Guatemala and Costa Rica sugar is used as a vehicle for 
fortification. In India foods like vanaspathi, bread, and milk Eire fortified with 
vitamin A in a limited scale. In both India and Pakistan ,fortification of tea was 
considered. Both tea dust and tealeaves were successfully fortified in India. 
Moisture contents in excess o f about 7-8% in a food are known to adversely affect 
the stability of vitamin A.

There is essentially no risk o f  vitamin A deficiency or toxicity, when 
dietary in take from food in take 10,000 IU vitamin A / day. The safety range is 
10 times the RDA (Nilson, 1994), Under normal physiological conditions, 
however, significantly higher levels o f  retinal in take just before or soon after 
concepUon may have teratogenic consequences. For this reason, WHO 
recommended that daily supplements o f  3000RE (10.000 IU) vitamin A can be 
given safely any time during pregnancy.

16.M U L T IP L E  N lIT R IE N T  E O R T IF 1CA I ION

It is well known that nutrient deficiencies do not occur in isolation H ie  
inter relationship o f  various nutrients points lo the fact that a single nutrient bullet 
is not going to alleviate the widespread micronutrient deficiencies Considering 
the complexity of the problem of malnutrition, a multi-pronged approach is 
needed In this regard, it makes sense to add more than one nutrient, while opting 
for staple food fortification It may marginally increase the total cost o f  
fortification but the advantage o f  doing so is far more beneficial

While flour and corn meal have been tried in developing countries for 
fortification with vitamins and minerals (Cort cl n l . 1976) Organoleptic 
properties o f  products made from these flours were known to be on par with their 
conventional counterparts Addition o f  magnesium and cnlcium in theses flours 
has to be technically improved upon due to their ability to impart ofT-flavour and
colour



17. INDIAN EXPERIENCES IN FOOD FORTIFICATION

Interesting aspect o f food fortification in India in earlier days was that the 
fortified foods were for prevention rather than cure. Thus, foods tried were 
wholesome foods e g. Indian multi purpose food, synthetic rice, bread etc. lysine 
supplementation o f cereal diets dominated initial phases o f fortification in India 
fNIN, 1970). Later on, the focus has been shifted to single nutrient fortification as 
a curative measure for specific nutrient deficiency. Now with the realization that 
single nutnent deficiency is inter-linked with other nutrient deficiencies, reversal 
of earlier concept o f multi-nutrient fortification has surfaced

Synthetic rice
•Fortification of starchy material with high protein source tried by scientist in 
CFTRI
•Project was successful both nutritionally and technologically, but establishing 
plant d idn 't succeed

Wheat /Jnur
•Wheal flour with edible peanut flour -CFTRI 
•Acceptability problems in chapatti

Jiread
Bread with lysine and vitamins and a lew minerals 
Significant improvements in the weight and heights in children
Now soy flour is used 

Salt
Project for salt fortification was undertaken by die food and nutrition board of the 
government of India in collaboration with the Nntional Institute or Nutrition 
•NrN recommended the fortification of salt with iron (ferric, orhlophosphate and 
sodium acid sulphate, at concentration that supplies lm g iron per g of salt)



•Was acceptable and improved the haemoglobin status and reduced prevalence of 
anaemia

Other foods
Sugar fortified with iron was studied in detail by Disler et al (1975) and Layrisse 
et al (1976) and proved to be efiective-not very useful as many low' income group 
use little sugar
Fortification of tea was seriously considered by the Food and Nutrition Board as a 
vehicle for iron fortification.

L I S T  O F  S O M E  F O R T I F I E D  F O O D S  A V A I L A B L E  IN T R J C H U R  
tV IA R K E T

Food item Nutrient fortified Quantity Price(Rs)
C o  mfl ah es( Kellogg’s) Vitamins,minerals 475g 125
Noodles(Maegie) ( a and proteins 400g 38
Milk powder(Nido) Vit A.C.E& Zn.Se 5(H)g 150
H om ogeni/cd milkfAmul) Vit A & I) 21it 27
Soya milh(Silh-USL)A) Ca (VVitamins 94 Oml 140
BiscuitfMarie gold) Vitamins 1 packet 13
Orange Ju iced  ropicana) Vit A.C.E & Ca 200 ml 15
Salt ( Anapunnn.Sprinkle) Iodine 1 Kg o-X

Oil (Saffola) Vitamin li 1 lit 175

18. QUALITY CONTROL ASPECTS OF FORTIFICATION

Any fortification programme, be it addition of nutrients to the processed 
foods to improve their nutritional quality, restore their nutrients lost during 
processing or use of fortified foods as a public health strategy to control and



prevent deficiaicy disease in the community should be adequately protected by an 
appropriate legislation to ensure quality. Such legislation should cover the foods 
to be fortified, the purity o f nutrients and other chemicals to be added and their 
levels in the fortified foods. Failure to implemait and sustain affective quality 
system is likely to result in the failure of food fortification programmes. At the 
national level, overall responsibility of quality control o f food fortification 
programmes should be clearly identified. Responsibility frequently rested in 
Ministry o f health, food or agriculture.

The following steps are followed in the implementation o f  quality assurance 
program m e for a fortified food product:

1. P ro d u c t  specifications all specifications for the fortificant, vehicle and
any other ingredient must he documented, including particle size, colour, 
potency, level of fortification and other requirements considered
necessary Acceptable deviations from specifications must be documented

2 P ro d u c t  safety assessment microbiological, chemical and physical 
hazards of all ingredients, as well as o f  llie finished product must be 
assessed

3 P ro d u c t  analysis procedures for sampling and testing all ingredients, as 
well as the finished product must be documented

4 D e te rm in a t io n  of critical and  quality  con tro l  poin ts  the entire
production process (including, plant facility, equipment and environment) 
must be examined to in identify stages (control points) at which in 
adequate quality control could affect product quality or lead to
unacceptable health risks

5 R ecall  system a mechanism must be in place to recall products T
necessary

6 Quality assurance audit: periodic checks conducted to verify the quality 
assurance system is effective



7. Feedback mechanism: mechanism to correct any product deficiencies 
identified by consumers

8. Documentation: ail steps documented and readily available to relevant 
individuals and organizations.

Label declarations required for fortified foods

1) The claim ‘fortified’ shall be considered valid only when nutrient content 
analysis at any point in time within the shelf life o f the product show at 
least 80%  to 90% of the claimed fortification level depending on the 
nutrient analysed and the precision of the analytical methods used.

2) Fortification claims shall be based on the processed food as packaged and 
purchased by the consumers

3) The fortification level shall be appropriately presented on the label 
indicating the following information

•  N u m b e r  o f  serv in g  per  co n ta in er  p a c k a g e
•  S e r v in g  size b y  weight or vo lum e
•  C a lo r ie s  j ier  serving (k m l)
•  N u tr ie n ts  a d d e d  a n d  their co rresp o n d in g  a m o u n t  ex p res se d  a s  % R P A  p e r  

s e rv in g

4) The terms "enriched", "added with", "supplemented with", and other 
similar terms shall be equivalent to the term "fortified" Descriptive terms 
like "rich in", "good source o f  and "excellent source o f  shall not 
necessarily simply fortification

19. LIMITATIONS

•  Thorough knowledge o f  dietary' habits and nutrient intakes in the target group
•  A complementary educational programme is required particularly when the
fortification influences organoleptical characteristic of food



•  Not the ultimate solution of a nutritional deficiency problem but it may be an 
essential part o f a nutritional programme

20. MISCONCEPTIONS
Mora (1995) quoted common myths about fortification that makes industry 
reluctant to adopt this technolog)', the main ones are
1. Food fortification technology is not fully developed
2. Food fortification technolog)’ is complex
3. Food fortification technology is expensive
4. Food fortification technology is a problem o f  legislation and enforcement
5 Food fortification technology is an economic burden

However, these apprehensions are not supported with any solid evidences In 
fact, the present knowledge and expenence have proved that food fortification is a 
simple, easy to adopt with minor modifications in the existing production plant 
Technolog)' for fortification of staple foods with micronutnenls is not only well 
developed but has been successfully applied in industrialized and developing 
countries over several decades l-xislmg industry equipment could be used or 
otherwise acquired al relatively low cost Percentage o f  added cost o f  fortification 
is relatively in significant and could be passed o to the consumers Appropriate 
legislation along with an industrial commitment can make food fortification
successful



CONCLUSION

Fortification o f  foods it currently used as a practical approach to improve 
the nutrient intake o f individuals in the community. Food fortification campaigns 
in developing countries require careful planning, programming and 
communication. Strong development of a local food processing industry, the 
commitment and support of local governments through effective legislation and 
monitoring and a common culture that perceives gains from investing nominal 
amounts for personal health are the key factors in the long term success of 
fortification programme

No other technology offers as large an opportunity to improve lives.... at 
such a low cost and in such a short time” is the basis for World Bank polio.- on 
overcoming vitamin and mineral malnutrition in de\eloping countries The time is 
now ripe to use our knowledge, abilities and experience to restructure our action 
plans towards our efforts in eliminating micronutrient malnutrition
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DISCUSSION

1. Why salt is not fortified with vitamin A?
Fortification o f  salt with vitamin a is not technically feasible, due to 

instability o f  vitamin A in sa l t  The hygroscopic nature o f  salt has prevented its 
use as a vehicle for Vitamin A fortification in countries o f  high humidity. In 
trying to overcome this problem, a new vitamin fortificant, encapsulated with 
limited success

2. N am e som e fortified breakfast cereals
C om  flakes, Oats, Wheat flakes etc

3. How to reduce the loss o f nutrients while cooking
Vitamin A Avoid cooking at high temperatures - this destroys some of the 
vitamins by oxidation

B Vitamins Avoid washing, soaking, or boiling. as B vitamins are water 
soluble and easily lost Even brief boiling destroys up to a third of vitamin 
B12 and half the folic acid

Vitamin C is water-soluble and heat sensitive. To reduce losses

IJsc as little water as possible 
. Add food to rapidly boiling water
• Cover the pan
. Do not add sodium bicarbonate
.  Avoid using copper pans
.  Use cooking water for soups, sauces, and gravies
• Serve and eat promptly

Vitamin E Avoid frying or baking as up to 50 % is lost 

Proteins Avoid overheating as this destroys some amino acids



Fats. Heating fals to high temperatures destroys essential fatty' acids and 
can make them indigestible, and even possibly' cancer inducing. Avoid 
reusing fat; frequent deep-frying; and frying for long periods

4. List some functions of salt
■ It helps in the proper functioning o f  the nervous system,
■ Salt is absolutely vital to making the structure o f  bones firm Salt is vital 

for sleep regulation
■ Salt is vital for the prevention o f  gout and gouty arthritis
■ Salt is most effective in stabilizing irregular heartbeats and, Contrary to 

the misconception that it causes high blood pressure, it is actually essential 
for the regulation o f  blood pressure - in conjunction with water.

■ Salt is vital for balancing the sugar levels in the blood
■ Salt is vital for the generation of hydroelectric energy in cells in the body

It is used for local power generation at the sites o f  energy need by the cells

5 Being costly, how will the fortified foods reach the vulnerable and low-income 
group people0

This can he achieved by providing die fortified foods through the public 
distribution system (PDS), midday meal programme in schools or through the 
Integrated Child Development Scheme (ICPS).

6 What is the RDA for iodine0
The daily requirement for iodine is reported lo be 100-150 fig



ABSTRACT
For the last two decades, micronutrient deficiencies specially anaemia, iodine 

deficiency disorders (IDD) and vitamin A deficiency have been a subject of concern 
for nutritionists and health authorities in developing countries. Among the available 
interventions for micronutrient malnutrition, food based approach has been considered 
as most acceptable safe, and sustainable. These food based strategies, include 
nutrition education, dietary diversification, dietaiy supplementation and food 
fortification (Subbulakshmi and Naik, 1999).

The advantages o f  food fortification relative to other modes o f  interventions 
have been widely noted, and one of tins is that fortification programme can be 
implemented and yield results within a short period (Johnson et al., 1988).

Food fortification has been defined as the addition o f  one or more essential 
nutrients in the food, whether or not it is normally contained in the food, for the 
purpose o f  preventing or correcting a demonstrated deficiency o f  one or more 
nutrients in the population or specific population groups (FAOAVHO, 1904) The 
food that carries the nutrient is referred as the food vehicle and nutrient added is die 
fortificant

The important aspects in fortifying programme include selecting an 
appropriate food item, the form o f  nutrients lo be added, and ensuring the expected 
biological outcom e o f  the programme (Kao. 2003)

Food fortification continues lo be a widely used mechanism in many 
developed countries In Japan, a multi nutrient enriched ncc has been a marketed 
since 1981(Misaki and Yasumatsu, 1985) Dexter ct al (1982) cnnchcd durum wheat 
flour with vitamin mixture containing riboflavin, thiamine, and niacin for production 
of spaghetti Breakfast cereals were fortified with vitamin and good storage stability 
was reported (Anderson et a l , 1976) In Germany, n milk based fruit beverage 
fortified with calcium, phosphorous as well as vitamins has been marketed (SchaulT.
1993)



In India fortification of cereal and cereal products with high protein source, 
ninerals and vitamin were tried by the scientists o f CFTRI (Subrahmanyan et al.. 
1957). Fortification o f bread with lysine, vitamins and minerals were opted by modem 
bakeries. Salt iodisation has been successful and used to prevent the iodine deficiency’ 
problems (Subbulakshrm and Naik, 1999). Many fortification programmes are still in 
experimental stage. Successive food fortification requires active collaboration 
between several sectors including the scientific communities, government agencies, 
private industry, consumer groups, and international organizations (Honein et al., 
2001).
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DIET A N D  CANCER

INTRODUCTION

Cancer is one o f  the dreaded diseases and is the second most important
cause o f  death in m ost affluent countries. The relationship between diet and health
has been recognized throughout recorded history. Disease prevention through
healthy preparation o f  foods and eating habits has been discussed for thousands o f
years. Since the 19th century, western scientific methodologies have been applied
to the study o f  diet and disease with the intent of reducing the disease burden from
non-communicable diseases (NCD) such as cancer, coronary' heart disease (CHD),
and other conditions endemic to societies after the advent o f  industrialization.

The idea that nutrition is an important factor in cancer causation is not
new Yong-He Yan living in Song Dynasty (960-1279 AD) thought that poor
nutrition was a cause o f  the condition now known as oesophageal cancer. Lambe
in 1815 warned against the danger of excess consumption o f  food in general and
meat in particular Roger Williams in 1908 observed that excessive feeding
especially meat, deficient exercise and probably lack of sufficient vegetable food
are the predisposing factors for cancer

The role of d ’ct takes special importance in countries like India which are
fast moving towards industrialisation and westernisation. Dietary factors may be
potentiating the role o f  other risk factors Most ol the cancels have some
relationships with diet predominant among, them arc cancers of the upper aero
digestive tract (mouth, throat), oesophagus (fond pipe and lungs), stomach, large
intestine, and breast cancer in women

Cancer is a term used to refer malignant neoplasms and tumors Neoplasia
means cells in a tissue proliferate with out normal control on growth Cancer is
caused due  lo mutations or abnormal activation of cellular genes that control cell
growth and cell mrlnsrs (Sreelakshmi. 2000) The abnormal genes are railed
oncogenes II may spread to other parts o f  the body through the lymphatic svslem



or toe blood stream When these cells remain localized, h is called beoigo tumour
aud w h «  ,, invades and spreads to other tissues o f toe body it is called a 
malignant tumour or in simple terms ‘cancer’.

Under normal conditions, toe growth, multiplication, repair and death of
cells are biologically programmed. However gene mutations can lead to 
uncontrolled growth.

P R E V A L E N C E  O F  C A N C E R

Malignant tumors are responsible for 12% ofthe nearly 5.6 million deaths
world wade. In toe year 2000, 5.3 million men and 4.7 million women developed a
malignant tum or and altogether 6.2 million died o f  this disease. The prevalence o f  
cancer in India is estimated to be 1.5-1.8 million.

In India, rates for oral and oesophageal cancers are some o f  the highest in 
the world (Gajalakshmi >'t o l , 2001). Cervical cancer is the most common cancer 
o f  the female genital tract in India. This accounts lor almost 2 0 %  ol all n e w  cases 
Jiagnosed in the world annually (Ghim cl a l . 2002) In India, the incidence o f  
ireast cancer increased bv 50% between l ‘>05 and 1985(Saxena cl a1 . 2002)



GlobaJ Incidence o f Cancer by the Numbers

Lung cancer 1.2million
Breast cancer 1 million
Colorectal cancers 940,000
Stomach 870,000
Liver cancer 560,000

Cervical Cancer 470,000
Esophageal cancer 410,000
Bladder cancer 330.000
Leukemia 250,000
Prostate and testicular cancer 250,000
Pancreatic cancer 216.000

Ovarian cancer 190,000

P.cnal cancer 1 90,000

Endometrial cancer 188.000

Tlivrold cancer 123.000

C a n c e r  in K e ra la

Population ba ied  c.mccr rcgrst.rcs have provided reliable data on the 
eurrence o f  cancer in the State l i r e  rale of cancer occurrence in Kerala and nr
h a  is m uch lower c o m p a r e d  to western countries. It is es,.mated that 25.000

r .n K > n l i  in one year Among males 50% of cancers in the w cancer ca^es occur in Keraia in
Kv Tnhncco and alcohol habits. Among auth. throat and lungs are caused by Tobacco anu

amen tobacco related cancers are 15d*



Risk factors of cancer

 1 ________________________

Bum, injury 
Stimulation by hormones

These mutations can be spontaneous or induced Spontaneous mutations 
occur following an injury eg .  bums, or prolonged stimulation by hormones. 
Mutations may be induced by infective agents like viruses, physical agents like
radiations and by chemicals

In developing countries, up to 23 % of malignancies are caused by 
infectious agents F, g Hepatitis B and C virus (liver cancer), Human papilloma 
virus (cervical and nno- genital cancers). Ilclico bactor pylori (stomach cancci) 
Physical agents involves X -n y s  gamma rays, other ionizing radiations emitted h%
radio active substances

Chemicals can be classified as those naturally present in foods, formed
during processing preparations and storage, and those added as fond additives
Chemicals may he those winch gain entry from outside through the food These
include nitrosammes. aromatic hydrocarbons, aromatic amines, and others These
substances attack the DNA and form complexes called DNA adducts. These art as
ultimate carcinogen

___________________________ T

Infective agents 

Chemical agents 

Physical a cents
w



Under normal condhiona the body has the mechanism to repair damaged 
DNA and an im m une system which spots abnormal cells and destroys i t  B i n d -  
, f  toxicants to p lasm a proteins and tissue proteins, protection by membrane 
jarriers in the body, excretory process though urine, bile etc are some endogenous 
actors involved in the protection from toxic chemicals. Also there are several 

detoxifying enzyme system like the glutathione peroxidase, catalase, superoxide 
dismutase, phospholipids hydroperoxidase, glutathione-S- Transferase etc

Stress

There is a relationship between the onset o f  cancer and emotional 
deprivation. Depression may affect the body's hormones and may inhibit the 
immune system's ability to counter disease

Heredity

Family h iston  o f  cancer plays a significant role in determining personal 
risk. Individuals o f  cancer-prone families need to pay particular attention to the 
avoidance o f  carcinogens and typically need closer cancer surveillance than other 
people

Influence of Dirt in Cancer

Dietary- factors also play a significant role in cancer risk At least one-third 
o f  annual cancer deaths in the U S nrc flue to dietary factors A recent re\io\\ on 
diet and cancer estimates that up to 80 percent of cancers of Ihc large bowel, 
breast, and prostate are due to dietary factors In Januarv 1802, Scientific 
American printed the observation that “cancer is most frequent among those 
branches o f  the human race where carnivorous habits prevail India is a 
developing country with most diverse populations and diels in Ihe world



E s tim a te d  percentages o f  cancer due to selected factors

Diet - 35-60% 
Tobacco- 30%
Air and W ater Pollution - 5%
Alcohol - 3% 
Radiation - 3% 
Medications - 2%

(S inhacr  al., 2003)

From the above data, it is evident that diet plays a significant role in 
predisposing cancer

Diet is an important factor in cancer aetiology because-:

Diet may be a direct or indirect source o f  carcinogens
Carcinogens can be formed during storage, cooking, or preservation o f
foods
Diet may contain inhibitors or anti promoters
Diet may m odulate host mediated carcinogenic expression of xenobioUcs 
through changes in nutritional status

• Food stuffs may act as substrates for the formation of carcinogens in the
body

• Food s tuff  may alter the bactcnnl flora o f  bowel leading to cancer.

TYPES OF CANCERS 
Oral Cancers

Incidence rates far oral cancer in India arc among the highest tn the world 
(Fenley el al 2000) M ost are associated with diet, weight, and other lifestyle 
factors A ligntfiennt lifestyle risk faclnr is betel chewing, a practice that is highly



prevalent in Ind ia  Betel quid contains a variety o f  ingredients such as lime, 
catechu, and areca nut and is often mixed with tobacco. A  case-control study in 
Southern India investigated the influence o f  pan, body mass index (BMI), diet, 
infections, and sexual practices on oral cancer (Rajkumar et al., 2003). BMI was 
inversely associated with oral cancer, and pan chewers with low BMI had a very 
high risk o f  developing oral cancer. Frequent consumption o f  fish, eggs, a variety 
o f  raw and cooked vegetables, and fruit was associated with a decreased risk o f  
oral cancer. A study on reverse smoking (i.e. smoking with the glowing end inside 
the mouth) revealed that use o f  tobacco in this form conferred a 5.19 times higher 
risk o f  oral pre-cancerous lesions o f  the palate than did use of chewing tobacco. 
Diets low m vegetables and fruits and high in alcohol increase the risk o f  oral 
cancers

Oesophageal c a n c e r

In Indiau the incidence of oesophageal cancer is moderately high and is 
associated with certain diets and lifestyles Oesophageal cancer is the second most 
common cancer among males and the fourth most common cancer among females 
according to combined data from cancer registries in India. Among risk factors for 
oesophageal cancer in India, betel quid chewing carries a relative risk of 1 5 to
3.5. Commonly used fresh and sun-dried vegetables and chilies also h a w ......
content o f  nitrate* or nitror.ammes and may he associated with higher rates o f  
oesophageal cancer Various foods and food additives have been studied for .he,, 
association with this disease Spry foods, chillies, hotel chewing, tobacco 
chewing, smoking, alcohol etc are also responsible for this cancer

E n do m etr ia l ,  C erv ica l ,  and  O v ar ian  C ancers

Cancer o f  the female reproductive tract has a high incidence amongst Indtan 
women Human papilloma virus (TOV) is the most prevalent risk factor fo, 
cervical cancer .and ha ,  been associated with cancer o f  the ovanes and



^dom etrium . Cervocal cancer is the most common cancer o f  the female genital
tract in India, with approximately 100,000 new cases occurring each year. This
accounts for almost 20%  o f  all new cases diagnosed in the world annually. A
review o f  studies (Potischman and Brinton, 1996)on diet and cancers o f  the cervix
ovaiy, and endometrium  have provided equivocal results. This study suggested
that a diet high in carotenoids, vegetables, and fruits may reduce the risk o f
cervical, ovarian, and endometrial cancers; high intake o f  vitamins C and E may
reduce the risk o f  cervical cancer; and a diet high in fish may reduce [he risk o f  
ovarian cancer

Breast C an ce r

In India, the incidence o f  breast cancer is increasing, with an estimated 
80,000 new cases diagnosed annually. The nutrition guidelines follow the World 
CanceT Research Fund recommendations that advocate having a diet containing 
vegetables and fruits in large amounts, reducing the intake o f  saturated fats, and 
increasing physical activity Countries with a higher intake of fat, especially 
animal fat, have a higher incidence of breast cancer. In mammary tumor models, 
the tumor promoting effect o f  fat intake has been observed primarily foi 
polyunsaturated fats when fed in the presence o f  high fat diets containing 
approximately 4^%  of encnw

Stom ach  C an ce r

Compared to other cou n tr ies ,  stomach cancer incidence rates are moderate 
to low in India, although certain populations, such ns tho:>c in the C hcnnai area, 
have very high rates fGajalakshmi n  a l . 2001) A recent case-control study m 
Mumbai found that c o n s u m p t io n  of dried fish increased the risk while preen lev 
consumption decreased (lie risk o f  having stomach cancer A prospective case- 
control study from Trivandrum  evaluated dietary risk factors for stomach cancer 
and found that high consumption of rice, spicy food, chili, and high-temperature



food increased the risk o f developing stomach cancer(Mathew et al., 2000). Fried 
foods are associated with higher rales of cancer due in part to the production of 
carcinogenic or mutagenic heterocyclic amines (HA) during the cooking process.
It has identified that an increased risk o f  stomach cancer with moderate to heavy 
consumption o f  fried foods. This has been attributed to the presence o f  polycyclic 
aromatic hydrocarbons produced by the cooking method. The use o f  the spice 
turmeric is associated with a reduced risk o f  stomach cancer, in part because of its 
protective effect against the carcinogenic bacterium H. pylori, a major risk factor 
for stomach cancer.

Stomach cancer seems to progress through certain stages,

Normal mucus lining

I
Superficial gastritis (inflammation)

Chronic atrophic gastritis

I
Intestinal metaplasia (cell changes')

Pysplns.a and carc in o m .K d cv c lop m cn t  o f  cancer ce l ls )

Salt  in ta k e  a n d  gastr ic  cancer

. High sal. intake can .ndr.ee a.rophic gastritis which is a precursor to 
stomach cancer



Salt is considered a gastric tumor promoter, it promotes the carcinogenic 
effects o f  known gastric carcinogens.

Elevated salt intake may potentiate H. pylori-associaXed carcinogenesis by 
inducing proliferation, cell hyperplasia, and glandular atrophy'.

• Pickled vegetable and noodles are rich in sodium and low in vitamin C 
induces gastric cancer

Alcohol, S m o k ing  and  G astr ic  C an ce r

Gastritis and reflux are established risk factors for gastric cancer. Cigarette 
smoking and alcohol consumption were considered to be risk promoters. 
Heavy drinkers are likely to be heavy smokers and cigarette use increases 
cancer risk and lowers immune status. Alcohol will destroy the gastric
mucosa

Colon C an ce r

High concentrations o f  carcinogenic bile salts, largely due to high fat diets, 
remaining for nevcr.il days in colon, largely due lo a low fibre diet, may lime an 
irritating effect on the colon membrane, litis may be lead to the initiation or 
promotion o f  colon cancer Dietary changes can reduce the risk of colon cancer 
Burlcitt (2000 i observed that type and number of bacteria was influenced bv die 
type o f  food eaten This ,n turn greatly influences lhe stool volume He found that 
high fat diet not only increased the amount of certain bile sabs in the intestinal 
tract, but also increased die number of intestinal bacteria. They convert the bile 
salts in to carcinogenic substances ,n colon. Diets high in fibre, no. only cee led  
large stool volume, also it dilute the concentration of bile salts and carcinogens in 
dae colon It drastically reduces the transit time of the stool and thus the contact
time o f  die carcinogens with colon membrane.



Pancreatic Cancer

A  diet high in meat and fat may increase the risk o f  pancreatic cancer, 
while eating a lot o f  fruit and vegetables may reduce this risk. The pancreas 
produces pancreatic juice, which contains chemicals to break down fats and 
proteins in the d ie t  The pancreas' other important function is to produce two 
hormones, known as insulin and glucagon, which control blood sugar levels.

Prostate Cancer

Diet low in vegetables increase the risk of prostate cancer. High-fat diets 
alter the amounts o f  testosterone, estrogen, and other hormones in both men and 
women. A high fat diet that comprises mostly animal fat sources (such as dairy 
products, fatty meats and takeaway foods) may increase the risk. High red meet 
consumption is identified as a major cause Lycopene - a potent anlioxidant lounu 
in tomatoes, tomato-based products, watermelon and strawberries - may help to 
lower the risk o f  prostate cancer

Lung cancer

This is the leading cause of death from cancer in the world and smoking is 
mostly responsible Diet low vitamin A and carotene Diets high in vegetables
and fruits are protective against lung cancer.



Dietary factors in cancers —aetiology by site

C an ce rs Dietary factors
Oesophagus Alcohol, tobacco, low intake o f  fruits and 

vegetables

Stomach Nitrates and nitrosamines, pickle and 
salted foods, smoked and fried foods, 
foods rich in starch with very little fruits 
and vegetables.

1Colon and rectal Refined carbohydrates, low fiber, low' 
vegetable intake, high meat intake.

Nasopharyngeal Salted fish
Larynx Tobacco, alcohol
Lung Tobacco, low' intake o f  green and yellow 

vegetables

Bladder Chemicals, artificial sweeteners. cofTee

Breast and cervical cancer
I hch intake o f  fat, low intake of fruits andC’
vegetables.

Pancreas Tobacco, cofTee and meat

Liver Mvcotoxms and alcohol

Prostate High meat intake and low liber intake

M A C R O N U T R IE N T S  AND CAN CER 
C alo r ic

An excess o f  calorics in humans is associated with increased risk or 
ca r -e r  Excess carbohydrates act as modifiers o f  carcinogens .On excess calorie 
intake there is a high risk of endometrial and breast cancer This is due to the



increased conversion o f  androgens in to estrogens in adipose tissue. Obesity may 
possibly be associated with gall bladder cancer and colon cancer. Obesity and lack 
o f  physical activity are associated with increased risk at various cancer sites, 
including breast and endometrial cancer. Energy balance, which includes 
maintaining ideal weight through physical exercise, has been associated with
decreased risk o f  breast cancer.

Proteins

High protein foods especially animal protein is a major source o f
mutagens Protein foods when heated above 300°C leads to the formation o f  
polycyclic aromatic amines Poly cyclic aromatic hydrocarbons are known to 
cause gastric cancer and cancers o f alimentary' canal.

D ie ta ry  fats

Diets high in saturated fats have been associated with increased risk for 
cancer  fW o r ld  C ance r  Research Fund, 1997) Diets high in fat have been linked 
to increased  risk o f  various cancers,  particularly breast,  colon,  prostate,  and 
pancreas ,  ovary,  and endometr ium. There  is association be tw een  fat intake and the
risk o f  breast and colon cancer is much stronger for total fat intake (Smha cl al..
2 0 0 3 )

by intestinal micro flora 
lithocholate, etc.which may act as carcinogen in colon According to Willett cl al



(1992) there is increased risk o f  total saturated and monounsaturated fats are

Fatty foods affect the body in many ways and have a strong influence on 
hormonal activity1 in the body. First, high-fat diets increase the amount o f  
estrogens, the female sex hormones, in the blood. It is known that many breast 
tumors are fueled by estrogens. Estrogens are normal and essential hormones 
for wom en and men, but the more estrogen there is, the greater the driving force 
behind som e kinds o f  breast cancer. On high-fat diets, estrogen levels increase. 
When w om en adopt low-fat diets, their estrogen levels drop noticeably in a very 
short time. Vegetarians have significantly lower estrogen levels than non- 
vegetarians, in part because o f  the lower fat content of their diet.

Dietary fat intake and calorie intake is highly correlated. Dietary fat is the 
most concentrated source of energy’. So reduction in fatty acid should also 
accompanied by reduction in calories and body weight.

D ie ta ry  fibre

Dietary' fibre cannot be seen or taste but it can works wonders for our 
*

body Dietary fibre is known as cancer fighter found only in the cell walls o f  plant
foods This protective effect is due to

• F ibers  tendency  to add bulk to the digestive system

associated with increase in colon cancer.

substances

. High fihejLdiets are o#  diets are often lowers the absorption of fat

. Fibers bind with estrogen and prevents breast cancer

Soluble fibre dissolves in water and is found in a variety of fruits, vegetables.



legumes, and grains. It cuts cholesterol, adds to the feeling o f  fullness, and slows
the release o f  sugars from food in to the blood. Good sources o f  soluble fibres are
oats, oats, bran, apple, citrus fruits, straw berries, dried beans, rye flour, potatoes, 
raw cabbage etc.

Insoluble fibre does not dissolve in water and is found in grain bran, fruit 
pulp, and vegetable peels and skins. This type o f  fibre strongly linked to cancer 
protection and improved waste removal.

M IC R O N U T R IE N T S  AND CANCER

Besides the major nutrients there are some micronutrients which 
effectively protect our body. Micronutrients play a significant role in maintaining 
health and preventing disease, including cancer, through a wide range o f  
mechanisms- anti-oxidation, anti-proliferation, and repair of DNA 
damage Vitamin deficiencies, specifically of vitamins A, C and E. may contribute 
to the high prevalence of oral cancers in India (Tandon ct al., 2000). A study 
earned out in rural India found that the presence o f  lesions was associated in 
patients with oral pre-canccrous Icsioas with low plasma levels o f  vitamins E and 
b-carotene fPetcl ct a l , 2001). A study of Kurchias a tribal population in Kerala, 
India, who consume a diet high in rnicronutricnts and have a low pre\alcncc o f  
CHD and other chronic diseases of aging, including cancer) found that levels o f

CHD risk factors (Reddy ct a l . 1009)

C a ro  ten oids\ v i tam in  A

Ziegler ( 1 9 8 9 )  e x a m in ed  the role o f  carotene rich foods and found that 
these foods reduce the risk o f  lung cancer
Both are onticancer nutrients that support normal cell differentiation of hssue* and 
internal lining* They prevent cancer cell formal,on by inhibiting the binding of



carcinogen to cell walL Beta carotene may protect DNA in the nucleus o f  the cell 
by decreasing the bonding o f  chemicals to the membrane around the nucleus. Both

k

nutrients are antioxidants and can scavenge free radicals.

Decreased levels o f  vitamin A are associated with increased rates o f  cancer 
o f  lungs especially and also o f  mouth, esophagus, bladder, cervix, and stomach. 
The m ajor sources o f  beta-carotene are fruits and vegetables. Vegetables such as 
carrots, sweet potato, greens, spinarch, and broccoli and the direct sources o f  
vitamin A involves, non-vegetarian foods such as fish, eggs and liver.

V itam in  C

Vitamin C is involved in the cancer defense functions and il is highly 
protective against cancer

Anti cancer aspects n f  \ilamin c are listed h e lm s -

•Antioxidant activity
•Stimulates lymphocytes to produce interferon which decreases virus reproduction 
•Supports thymus function, especially in strengthening and supporting antibody
responsiveness
•Reduces production of nitrosamincs from dietary nitrates and nitrites 
• Reduces stomach, o e s o p h a g e a l  and b la d d r  cancers b> means of Us multiple
protective effects on m ucous membrane
•Along with folic acid vitamin C minim,/.es cervical dysplasia, and cancer

o r  a group o f  epidemiological studies in investigating ihe role o f  vitamin 
C provides significant protection against cancer and tumerogenesis (Black. 1 9 * ) .  
High maternal intake n f  vilamm C niters protection against childhood hram 
.umors (Krishnaswamy and tagadeesan, .999) Vdamin C is found in fruits



particularly citrus fruits and juices, and green leafy vegetables, sprouted pulses
etc.

Vitam in E

Functions well with adequate levels of selenium as selenomethionine. This 
act as antioxidants and cell membrane protectors. It reduces the carcinogen 
production and strengthens immune cells and cell membranes against the 
penetration o f  viruses and toxic chemicals. Vitamin E has inhibited tumors in 
experimental animals and been linked to reduced risk of oral, stomach, and other 
cancer in epidemiological studies. In a study of effect o f  alpha tocopherol on lung 
cancer, am ong smokers, dietary intake of these nutrients from foods w'as found to 
be associated with a reduced risk for lung cancer (Blot et al., 1993). Vitamin E 
has also been suggested to play a role in die prevention o f  nitrosamine induced 
upper gasterointestinal tract tumours by inhibiting the nitrosation of dietary
amines in stomach

The major functions o f  vitamin E in cancer defense mechanism -

•Vitamin H act .as antioxidanl and cell membrane protector 
•Reduces the carcinogen production
*,Strengthens immune cell and cell membranes against penetration of viruses and 
toxic chemicals
•Prevents nitrosamine formation
The m a|or source ;  o f  tocophero l  are unprocessed oils, animal fat. butter, egg yolk 

etc

Vitamin B*

v .  n  is associated with endocrine metabolism, adrenal steroids. Vitamin 13* is assoc one
„ „ ,d  ru n e ,o n .  pancreatic function, thyrord .and -  h o rn ,o n e  and g ro w *



hormone. It have a major role in endocrine metabolism, adrenal steroids, and sex 
hormones. Contributes to the function of over 100 enzymes in the body, the 
deficiencies are associated with cancer.

V itam in 8 1 2

The deficiency leads to pernicious anaemia In pernicious anaemia, the 
stomach produces too little o f  a substance that it needs to take up vitamin B 1 2  from 
foods. This can also increase the risk o f  developing stomach cancer.

Vitam in D

Required for the mineral absorption in the body strongly protective against 
breast cancer and colon cancer Vitamin D is essential for tire prevention o f  skin
cancer

M in era ls  and  T ra c e  elements

Selenium
ft helps to regulate the glutathione peroxidase, a strong antioxidant 

m /ym e Low selenium levels in the body are clearly associated with increased 
•atcs o f  leukemia anil cancers of the breast, lungs colon, rectum, prostate, ovary, 
skin, and pancreas The major sources imnlvc whole grams legumes and green
leafy vegetables

ttnc
I, another important mineral, which influences over 2(11) enzymes It is an 

m m une supporler  and it. important to the formation and fund,on  of many 
w y m e r t  drat work with detoxifying chemicals Low levels ate associated with



prostate, bronchial, esophageal, and colon cancers. Blood zinc levels have been 
reported to be inversely correlated with oral cancers.

Iron
Iron is a  cofactor for many enzymes like catalase, peroxidase, which 

inhibit lipid peroxidation. Iron deficiency has been associated with cancers o f  
upper alimentary tTact which include oral cavity, oesophagus, and stomach. Iron 
deficiency’ is known to result in plumer-vinson syndrome, which in turn is 
associated with increased risk o f  cancers at above sites fKrishnasw'amy and 
Jagadeesan, 1999) The increased risk of gastro intestinal tract tumors associated 
with iron deficiency in humans. It also revealed that there is increased risk o f  
mammary tumors in iron deficiency

j  *

Iodine
Iodine is essential micronutncnt and thyroid cancers have been associated 

with endemic goiter It is essential for the formation of Thyroid hormone. Thyroid 
hormone is essential for cell differentiation, induction o f  DNA and protein 
synthesis Among 6-14-year-olds, goiter, caused by iodine deficiency and related 
to thyroid ca nce r ,  has a prevalence rale o f  0 33 lo 2 .4 %  (Chakravarty ® d
Ghosh, 2000)

C alcium
Epidemiological studies indicate that high calcium intake reduces the i.sk 

o f  colon cancer hv correcting irregular cells in colon

C A R C IN O G E N S  IN FO O D S

Carcinogens can be defined as substances lhal cause rapid uncontrolled 

division o f  cell



Trans fatty adds

They are the imitation o f fats in shortenings and margarines and most 
commercial baked foods. They are commonly seen in all processed foods and 
snack foods. They increase the requirement of essential fatty acid. They competes 
with EFA in incorporation of total fatty acids, by altering the membrane bound 
enzymes and receptors. Trans fatty acids are strongly associated with cancer of 
lungs and reproductive organs.

R a n d d  fats-: Industrial processing and poor storage creates rancidity in vegetable 
oils. This rancid fats are a pool o f free radicals and so known as potent 
carcinogens

Polycydic aromatic hydrocarbons

Cooking food at very high temperature, especially directly over the flame, 
generates chemicals which arc carcinogenic in nature. Benzopyrene is produced by 
heat induced chemical reaction on fat II is formed due to the incomplete 
combustion o f  oils and smoke which will get deposited on food Cooking by direct 
smoking over the flame cooking over high temperature etc can lead to the formation 
of there carcinogens All most all processed foods are prepared by these unhealthy 
cooking methods, so they arc identified as the carriers of tins carcinogen

S odium  n i tra te s

Nitrosamincs arc derived from the reaction of nitrate with a corresponding 
amine They produce carcinogenic compounds nitrosamincs and niltosamidcs. 
winch are carcinogenic O f  300 nilroso compounds rested. 95% arc round lo h r  
carcinogenic 11 can lie either preformed as in germinated hnrlcy. meat, meat 
products, salted fish etc It can he formed from its precursors also e g green leafy



vegetables, spices, which are the sources o f nitrates. Fresh vegetables, fruits, milk 
etc were found to be free from but it can be formed when these foods are grilled 
roasted, baked in an open air system, nitroso compounds are formed during acidic 
conditions and chlorine acts as a catalyst So pickles are one of the sources o f  
these compounds. Cooking under high temperature and usage of open fire for 
cooking favours the formation of nitroso compounds. Alcoholic beverages 
contains nitroso compounds in higher levels. Hamburgers, hot dogs, such fast 
foods have become the most favorite food of youngsters today. All these foods 
contain cured and smoked meat and so contain high amounts of nitroso 
compounds

Food additives

Different food additives are identified as die sources o f  carcinogen all non 
permitted food c l o u r  arc mutagenic and most of them have been identified a  ̂
potential carcinogens Metanil vellow. a non permitted food colour was a common 
adulterant in foods like laddu. turmeric etc Sudan dye and lead chromate are other 
non permitted food colours abundantly seen in foods and are known carcinogen'' 
Permitted food colours also in high amounts will do harm ll caused different 
types of allergic reactions, damage to liver, kidney, etc that can lead to 
carcinogenicity Jonnalagadda (200*1) reports that processed meats, nonalcoholic 
beverages, miscellaneous ready to cat foods and sugar confectionaries etc contains 
food colours in highest concentrations or above lOOOppm while the allowed
amount is I OOppm
Monosod mm glutamate (MSG) com.iM.nlv rolled agrnnmnitn is known lo cause 
brain cancer Artificial sweeteners, like saccharine, asparlame, cvclamatcs elc are 
also known potent carcinogens Saccharine and cyclnmale develop bladder cancer 
Aspartame is associated will, brain cancer Refined carbohydrate  like sugar high 
fructose corn syrup, while flour are devoid of nutrients Refined carbohydrates 
provide too much calories and can lead In obesity and cancer



Myco toxins

Ailatoxins have been received considerable attention and havTe l inked with 
liver cancers. They are toxins produced by infestation with moulds. Aflatoxin 
contamination affects liver. The major plant foods which are contaminated are 
ground nuts, com, coconut, and pepper which are stored under improper 
conductions ot temperature and humidity. Aflatoxins on oxidation in liver forms 
epotoxins which affects the DNA o f  liver cells and forms DNA adducts which 
induces cancer in the cells

Aflatoxin

I
Epoxide + DNA (liver cells)

I
DNA adducts (carcinogen)

Tobacco and cancer

Tobacco chewing and smoking are the 2 important risk factors of oral cancer 
n India Lung cancer risk of regular smokers to non smokers is between 20-10 
'old More than S0%of cancer in men and 20%in women arc related lo tobacco 
fobacco related cancer is in the oral cavity, pharynx, larynx, and esophagus

Alcohol and cancer

Causes hepatic injury and cirrhosis and lead lo the formation o r  
hepatomas.



• Alcohol can act as a  co carcinogen, promoter and facilitates transport o f  
other carcinogens.

• Alcohol induce enzymes winch bioactivales carcinogens.
• Produce nutrient deficiencies.
• Induce immuno suppression which enhance carcinogens 

ANTI C A R C IN O G E N S  IN FO O D

Phytochemicals are fascinating yet mysterious group o f  thousands of 
chemicals found in plant foods They possess several physiological functions. 
Phytochemicals are essentially o f  plant origin. They’ act as powerful 
antioxidant protecting cells and organs from free radicals, neutralising their 
damage effects (Polasa, 199K)

The major anti carcinogens in foods are-:
IsoLhiocyanales 
Lycopene 
Flav .molds 
Bioflavanoids 
D -limonenc 
Phvto oesrogens

• Protein inhibitors 
Phytic acids 
Sapomns

• Phenolic c o m p o u n d s

Isothioc.ysmates

• They prevents carcinogen from activation.



• Alcohol can act as a  co carcinogen, promoter and facilitates transport o f 
other carcinogens.

• Alcohol induce enzymes which bioactivates carcinogens.
• Produce mitriait deficiencies.
• Induce immuno suppression which enhance carcinogens 

ANTI C A R C IN O G E N S  IN FO O D

*

Phytochemicals are fascinating yet mysterious group of thousands o f  
chemicals found in plant foods. They possess several physiological functions. 
Phytochemicals are essentially o f  plant origin. They act as powerful 
antioxidant protecting cells and organs from free radicals, neutralising their 
damage effects (Polasa, 1998).

T h e  major anti carc in ogens  in fo o d s  arc-:
Isoth iocvanates  
L y c o p c n e  
Flavanoids  
B io f la v o n o id s  
D hrnonenc  
Phyto o c sro g cn s

• Protein inhibitors  
Phytic acids  
S ap  on  ins

• P h en olic  c o m p o u n d s

Isolhincyanatcs

. They prevents carcinogen from activation.



• They' counteract the poisonous effects o f  carcinogens that I n 
activated.

• They speed up their removal from body (Arab and steck, 2000).
• Effective in fighting lung and oesophagal cancers.

Isothiocyanates can be seen in cruciferous or cabbage family vegetables such 
as broccoli, cauliflower, turnips, cabbage, radish, horseradish etc.

Lycopene

Is a pan of carotenoid family,it is a pigment present in most of fruits and 
vegetables The mechanism o f  action involves-:

Act as a free radical fighting antioxidant. So that it they cannot attach to 
the cells and disintegrate the immune system.
Potential nitrosamine inhibiting agent
Studies show that lycopcne helps to prevent prostate, lung and stomach 
cancers (fiiovannucci. 19UU)

F la v n n n id s

Comprise or. • of the largest groups of secondary plant metabolites More 
than 400 flavnnoids have been identified of which some are flavonols. flavones. 
flavanones. catechmes. biflavins Most of these llavanoids arc structurally 
polyphenols having anliox.dnnt nrtivitv Flnvnnoids and tannins are similar to 
some other antiojcidnnts such as ascorbic acid and tocopherol and this ant.oxulanl 
effect is attributable to the radical scavenging activity o f  fiavnnoids
The major functions are the following--

Structurally llavanoids having anti oxidant activity



• Blocks heterocyclic aromatic amines for promoting gastric and colorectal 
carcinogenesis (Susanta, 2001).

• Important in protecting DNA from high rates o f  mutation 

Quantitative distribution o f  flavanols in some vegetables (mg/1 OOgfresh weight)

Vegetable Quercetin Kaempferol Myricetin Lectrolin

Lettuce 0.7-3.0 0.2 0.1 0.1

Onion 28 4-48 6 0.2 0.1 0.1

Red pep per “ 0.1 0.2 0.05 0.7-1.4

Broad bean 2 U 0.2 2.6 0.1

(Hallo and Singh 2U01 )

Bioflavnnoids

T h e  im portant h in flnvanoids  are K aem erol,  qucrcclin  and mvricetin  

- T h ey  arc c o m p le x  c o m p o u n d s  w hich  arc c lo se ly  a ssoc ia ted  with vitamin

C
• They increase ihc. effectiveness of vitamin C. a recognised potent

antioxidant
• Quercctin has anticarcinoge.iic activity
■ Otiercetin inhibits growth nf several typos of cancer cell proliferation



This is a terpenoid and is a major component o f  citrus fruit peel.
• It is a flavouring agent
• Induces the enzyme, glutathione-s-stranferase.

Phyto estrogens

Induces isoflavones and lignins, which are found in cereals and pulses 
mcludmg sorghum, millets and particularly soyabean. Lignins are anti 
proliferative and abnormal cell growth inhibitor. Lignins are found in whole grain 
products, seeds, fruits and bernes They are weakly estrogenic and competes with 
steroid hormones for various enzymes They also stimulate production of sex 
hormone binding globulin in the liver

Protein inhibitors

The". are w id e ly  distributed in cereals and pu lses  like barley, wheat, oats, 
rye, s o y a b e a n s ,  kidncv beans, chick peas and oilier pulses. T h ey  inhibit the action  
o f  p ro tease ,  e n z y m e  which  is be lieved  to contribute to the in vas ive  capacity o f
s o m e  cancer  cells  

Phenolic com pounds

T h e y  in c lu d e  cllagic  acid found in fruits and nuts like straw h o m e s ,  
raspberries, blackberries ,  walnuts They inhibit niUosalion reaction by trapping 
nitrate to form n-nitrophenolic  c o m p o u n d



Phytic a d d

Found high amounts in seasame seeds, limabeans, peanuts, and soyabean 
and also in cereals, nuts, seeds, and pulses. It controls cell proliferation.

Glucosinolates

Found in cruciferous vegetables is the most important intra cellular anti 
oxidants protecting the cells against oxygen free radicals (Franceshi, 1991).

S apon ins

Sapomns are found abunJandy in soyabean (5% o f  dry weight). They exhibit 
cytotoxic effects and growth inhibition against a variety o f  cells. They' bind to bile 
acids and regulate their recirculation. They have known mutagenic inhibiting
activity.

4



Phytochemical classes Food source

• Yellow/orange vegetables, dark
Carotenords green vegetables

Dithiolthiones
Glucosinolates/Indoles
Isothiocyanates

Cruciferous vegetables

Allium compounds Onions, garlic, leeks, chieves

Coumarins Vegetables and citrus fruits

Flavanoids Most vegetables and fruits

Plant sterols Vegetables

Isoflavanoids Soyabeans

Allium vegetables and Cancer

Vegetable belonging to allium family like garlic, posses strong antioxidant 
activity The purported health benefits include chemoproteclive. antibiotic, and 
cholesterol lower.ro; prope.nes. CmUc compounds have been shown lo inh.hu 
tu n e ro een esr .  thus reducing ihc risk nf c a n c e r  (S n w n a .  Ih'IS)

Spices and cancer prevention  
Ginger

• K nown to produce substance* that protect stomach lining
. Prevents the formation of gastric ulcers
. Stimulate gastric activity, and stimulates the bowel to empty qurckly.
• Promotes digestion



* D eactrraies C jrdrtogans.
• Enhance tissue levels o f  protective enzymes

T a r m o i c

Am ong the most studied in recent years is turmeric, an ingredient in the 
cocaraop Indian curry and a spice thai has beai shown to be a potent antioxidant 
anc am-mf!animator." agent with additional promise as a chemo-prevenhve agent. 
In a study m human blood cancer cell lines, turmeric suppressed and destroyed 
blood cancer cells Turmeric has been shown to suppress tumour initiation, 
promotion, ar.d metastasis m experimental studies To illustrate, turmeric may 
block the activity o f  nuclear factor kappa-B fNfkJB). which, in an activated state, 
a r re a rs  to re  associated with cancer cell growth m many cell types Turmeric also 
nac b eer  found to mhib:i the growth of 19 clinical rirains o f  Helicobacter pylon, a 
aaraa trcen ;:  bacterium lmked to the increased nsk of adenocaranom a of the

O th e r  apices

and '“ a n 1 leave" -Significant]', decreased the incidence of both 
car. r m . a  ar.d hepatomas Cumin seeds contain rthalidcs which
arc  p r t ecu v c en r. m e:

p . _ .  - irr if ic ir t 'v  inhibited Ben/-* l.ilPvrcne-mduced Squamous Cell
Car c m c tr  a

O o v r s -  contain eueenol which have anti mutagenic effect



Apart from nutritive value of vegetables, some other constituents which play a 
vital role in disease prevention are antioxidants (Singh and Nirmal, 2001). In 
human terms, lipid peroxidation can be directly linked to ageing, cancer, heart 
diseases and other regenerative diseases. Vegetables are an important and cheaper 
source of protective nutrients such as vitamins and minerals. Some vitamins 
which act as antioxidants are Vitamin E, Vitamin C and Beta Carotene.

Their presence in some common food stuffs are listed below.

Food stulTs Vit E 
(mg)

Vit C 
(mg)

Beta
caro tene
(mg)

Apple (1 medium) 0 44 8 0.04
Broccoli 1 32 110 1.30
Brown rice 4 no 0 0.00
Brussels sprouts 1.33 90 0.67
Carrot (1 medium) 0 28 7 12.00
Cauliflower 0 05 54 0.01
Chick peas 0 57 1 0.02
Com 0 1 5 10 0.22
Grapefruit (pink, 0.31 47 0.19
1/2)
Navy beans 4 10 O

A * 0.00
Orange (1 medium) 0 31 75 0.10
Orange juice 0.30Pineapple 0 2 2 124
Soybeans 0 10 24 0.02 

/ >  r v  iFresh spinach 3 3 5 3 0 01
Strawberries 0 57 10 2.30
Sweet potato 0 23 84 0.02 

m m  g  % g  \

(1 medium with 0 32 28 15.00
skin)



Broccoli

Broccoli is known as the crown jewel o f  nutrition for its v itamin and fibre 
richness and low in calorie. Multiple cancer Fighting properties owing to vitamin 
C, beta carotene and fiber. It is rich in phytochemicals- indole carbinol and 
sulphoraphane.Indole carbinol breaks down estrogen. A medium sized stalk o f  
broccoli provides 220% of the daily value of vitamin C, 15% o f  the daily value o f  
vitamin A, in the form o f  beta carotene.

S o y ab ean  a n d  c a n ce r  prevention
Soya foods prevent cancer as well as diseases associated with estrogen 

deficiency. The isoflavanoid genistein is a phytoestrogen found in abundance in 
soya food In soyabean oil the active antioxidanl is tocopherol. Other antioxidant 
components are isoflavme, glycosides, phospholipids, phenolic acids.

T H E  C A N C E R  P R E V E N T IO N  DIET

Some dietnrv changes have a preventive effect for many types of cancer. 
Boosting your intake o f  vitamin-rich vegetables and fruits, for example, 
strengthens vonr immune system and helps knock out cancer cells

It has recnm nvnded  that low fat, high fibre and micromitrient rich diet as 
cancer prevention rlmt Lower fat intake In about 20%of total calorics or a 
maximum o f  50 grama o f  lal |>cr ilny is suggested More fal should he mono and 
poly unsaturated fills with reduction ol salinated lhl intake and little or no 
consumption o f  refined or healed oils Complex carbohydrates can come up lo 
6 0 % of the diet Increase in dietary fibre help m improve Ihc fiimhoning of gastro 
intestinal Iract Prole,n mlake should he 15%of Ihc diet Frequent usage or fried, 
grilled, sailed and smoked foods should h -  avoided Animal roods cooked al a 
high temperature also should be avoided Vegetable protein is beneficial in cancer



prevention than animal protein. The usage of alcohoL, coffee, preservatives in 
foods, excess salts etc should be discouraged. For cancer prevention, the NTN 
recommends a diet that includes high intake o f  fresh vegetables and fruits, with 
spices such as turmeric, in adequate amounts (Krishnasw’amy and Polasa 1995). 
The overall best foods for cancer prevention include organic white meats of 
poultry, and fish, whole grains, vegetables, and fruits.

W hole grains and  cancer  prevention

They are concentrated sources of dietary fibre resistant starch and 
oLigosaccharides, fermentable carbohydrates etc. Whole grains are rich in 
antioxidants trace elements and phenolic compounds. They are significant sources 
o f  phvtoestrogens They mediate glucose response.

Tips for Increasing F ibre  in Y nur Diet

• Whenever possible, do not remove the fibre-rich peels and skins o f  imits 
and vegetaliles Just he sure to wash them thoroughly before eating.

• Choose products that arc minimally processed, like whole-wheal bread 
instead o f  white bread and brown rice instead of white rice

• Plan each of your meals to include whole grains, fruits, vegetables, and
cgumcs

To avoid intestinal discomfort when increasing, fibre intake, it is best to 
increase gradually and drink plcnlv ol water
Snack on buliy carrots, apples, strawberries, oranges, and other fibre-rich 
fruits and vegetables
Top your breakfast cereals with clued fruits like raisins 0 1  dates, or fresh 
fruits like strawberries or peaches



• Use fresh or frozen vegetables instead of dried or canned.
•  Keep cooking to a minimum. Most phytochemicals do not fare well when 

exposed to high temperatures.
•  Add fresh garlic (not garlic powder) to almost any meaL Or if a recipe

already calls for garlic, just add more than it recommends.
• Eat whole, not refined, grains. Phytochemicals are found in the highest

concentrations in the nutrient-rich fibre that coats the starchy center o f  the 
grain. During processing, this fibre is usually lost.

•  Eat a variety o f  vegetables. Try something new at least once a week and
continue to incorporate the new vegetables into your meals.

Some dietary' suggestions for cancer prevention

Avoid obesity
Cut down total fat intake
Eat more fibre foods
Include cruciferous vegetables
Include foods rich in vitamin A and C
Avoid alcohol consumption

• Lower intake of processed foods
• A variety o f  foods should he used in moderately

We had a predominantly plant based diet and with the advent of western 
life slyle we arc moving Inwards a die! rich m animal prolcins Tins coupled with 
other habits like smoking and alcohol will lead lo increase in lhe chronic disease 
burden especially cancer and cardiovascular diseases. Prompt nclion has lo be 
taken to spread the message o f  healthy life slyle and dietary practices. If 
prevention is best to euro, nutrition is the safest option
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DISCUSSION

1-Do heavy metals cause cancer? In which foods they occur?

Heavy metals like cadmium, lead, aluminium etc will cause cancers. This is many- 
due to industrial pollution. These metals can get in to our food, by food additives, 
packagmgs etc. It has reported that ayurvedic drugs contains o f  heavy metals in higher 
levels.

2. Will permitted colours cause cancer?
Y e s .  Permitted colours above  safe levels are mutagenic.

3 W hich  a g e  group  is more vulnerable to cancer?
C ancer  is a disease, which can alTect anybody at ant time in our life span. It has 

no relationship with age or sex

4 W hich  typ e  o f  cancer is more prevalent in Kerala9
Oral and oc-snph a gal cancer is most prevalent in Kerala.

5 Will artificial sv .eeten er  cause cancer9
Artificial r.wc •tellers alxivc .sale limits will cause cancer.

f> What is the safe  level r,( M o n o  so d iu m  idutam .ile ’
T h ere  is no sp c . i f ied  s a l e  level lm M S ( i  S y m p to m s o f  intoxication lends to

jeeu r  w ithin  o n e  hour .iftcr rating three grams nr more o f  M S G  on  an em p ty  s tom a ch  or
without other  f o o d  Generally low  levels nrc co n s id ered  as safe  O n lon g  term u sa g e  it

vill c a u s e  cancer



Abstract

Cancer is one o f  the most dreaded diseases and is the second most 
important cause o f  death in the affluent countries. Cancer is the term used to refer 
malignan t neoplasms and tumors. Neoplasia means cells in a tissue proliferate 
with out normal control on growth. Cancer is caused by activation o f  cellular 
genes that controls the cell growth and cell mitosis.

The prevalence o f  cancer in India is estimated to be 1.5-1.8 million. 
Cancer o f  oral cavity is an important contributor to cancer morbidity and mortality 
in India. Cancer o f  female reproductive tract has a high incidence among Indian 
women.

D iet  is an important factor in cancer aet io logy  and cancer prevention. Diet  
is a c o m p le x  com p osrte  o f  nutrients and non-nutrien* food constituents  and many  
nutrients h a v e  relationship with the formation o f  cancers E x cess  calorie  intake  
can lead to o b es i ty  and cancer incidence Higher the body w eigh t ,  higher is the 
risk o f  co lo rec ta l ,  breast, prostate, and ovarian cancers H igh  intake o f  fat is 
a ssoc ia ted  with increased incidence o f  cancers Breast cancer, a highly prevalent 
cancer  m India may be due to high fat intake and lo w  fibre content in diet and 
o b es ity  H igh  fat rntakc and lo w  fibre diet also induces co lo -recta l  cancer The  
major risk factor for gastnc  cancer can be identified as high con su m p tio n  ot fried 
fo o d s ,  spicy fo o d s  and hot beverages

Other constituents in foods like dietary fibre, selenium, zinc, iron, bela- 
carotene. vitamin C, vitnnnn H etc have significant protective function against 
cancer Isothiocyanates present in cruciferous vegetables like broccoli, 
cauliflower, turnips etc have been proved to be effective ngarnsl lung cancer and 
oesophagal cancers Lycopene. an important antioxidant, and the major colouring 
pigment in tomato helps to prevent prostate, lung and stomach cancers 
Pbytochemicals pretent m plant foods act as powerful antioxidants protectmg



cells and organs from damage caused by the free radicals, neutralizing their 
damaged effects.

Carcinogens in foods include trans fatty acids, rancid fats, poly hydroxy 
aromatic amines, nitrates and nitrosamines, artificial sweeteners, food 
preservatives etc. Some o f  these are produced during cooking, processing, and 
storage o f  foods. Unhealthy habits like tobacco chewing, smoking, and 
alcoholism, which are widely prevalent in India remains as the predisposing 
factors for different types o f  cancers.

The consumption of fruits and vegetables in the daily diet contribute 
various micronutricnts, which have many biological effects. The non-nutrient 
components o f  these protective foods are also as important as micronulrients. 
Expected benefits o f  incorporating a wide variety of fruits and vegetables whole 
grains liberally in the routine diet may not only lower the risk of cancer but also 
reduce the risk of other chronic diseases.
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n u t r i t i o n a l  a n a e m i a  a n d  i t s  c o n s e q u e n c e s

INTRODUCTION
Anaemia is a major global problem affecting 20-70 per cent o f  the 

population in various countries. In India, it is an important public health problem 
affecting people from all walks o f  life. The disease is o f particular significance in 
preschool and school children and pregnant women because o f  the high 
prevalence (50-70% ) and the adverse functional consequences In school children 
anaemia impairs scholastic performance and in young women, the reproductive 
performance .Anaemia is also directly and indirectly responsible for 10-20 per cent 
o f  maternal deaths, high incidence o f  premature births and intrauterine 
malnutrition

Iron deficiency related health problems are widely prevalent in India 
particularly among the poorer sections of people IDA is reported to be prev alent 
in 50-80 per cent of the population in different parts of the countrv (Kochupillai. 
1997). The department o f  women and child welfare has reported that 47 per cent 
prevalence o f  moderate to severe anaemia (Hb<9g%) among pregnant mother in
India

The ICMR estimates indicates that nearly 35-50 pL-r cent of the 
children in India in rural areas and belonging to low income group have anaemia 
that is commonly due to iron deficiency.Earlier studies from the National Institute 
o f  Nutrition (NIN) . Hyderabad and other studies showed an average anaemia 
prevalence rate o f  98 per cent in preschool children (Damodaran cl a 1, 1 
According to WHO, the average community prevalence of anaemia in India is 
reported to he around 50 per cent, as higher prevalence or 70-80 per cent is among 
women and pre-school children Even among adult men. prevalence of anaemia
ranges from 30-40 per cent

In India, the national level prevalence of anaemia amongst pregnant
women was reported to be 87 per cent (ICMR, 1989) A subsequent studs bs
ICMR in 5 states o f  India reported wide geographical variation with.n the countrv
- the lowest prevalence of 33 per cen. reported from Andhrapradesh. 7.2 < Pe. cent



m Delhi and 98 per cent in R^asthan GCMR, 2001). It is estimated that in India at 
least 13 million women during pregnancy duffer from anaemia (MOHFW, 1998).

In addition to pregnant women and adolescents, young children of 6-
24 months who are growing rapidly also from another group at the risk of iron
deficiency anaemia. A prevalence rate of over 65 per cent in preschool children
has been reported in various studies undertaken in rural and urban India (Seshadri 
etal.,  1994).

National and regional surveys indicate that the prevalence o f  anaemia 
could be as high as 74 per cent in children below 3 years o f age, 85 per cent in 
expectant mother and 60-70 per cent among adolescent girls and 30 per cent 
among males (MOHFW , 1998).
D E F I N I T I O N  O F  A N A E M I A

Anaemia is defind as reduction in the haemoglobin (Hb) level in 
circulation (Raman and Sarma, 1998) Nutritional Anaemia may be defined as the 
condition that results from the inability of the erythropoietic tissue to maintain a 
normal haemoglobin concentration on account of inadequate supply o f  one or 
more nutrients leading to reduction in the total circulating haemoglobin 
(Sredakshmi. 2003).

Cutt-Off points for haemoglobin values lor diagnosis of anaemia (\\  110. 1°72)
Group Haemoglobin (g/dl)

I Adult men <12
! Adult women * 12

Pregnant women < 1 1
Lactating women <12

Children till 6 years <11

Other children <12



TYPES
Hypochromic and microcytic anaemia

Lf there is an insufficiency of iron for the formation of hannoglobin. 
the red blood corpuscles are pale and small and the anaemia is said to be 
hypochromic and microcytic.
N orm ocytic  norm ochronic  anaemia'

This is due to acute blood loss or haemolytic anaemia or bone marrow
failure.
M egaloblast ic  anaem ia

Vitamin B 1 2  and folic acid are co-enzymes in the DNA synthetic 
pathway. A deficiency o f  the vitamins or impairment in their utilization results in 
damaged or inadequate synthesis of DNA. The synthesis o f  RNA and protein is 
unaffected so there is cytoplasmic enlargement, not matched by DNA synthesis 
which appears to delay or block mitotic division Thus there appears to be 
□synchronism between cvtoplasmic maturation and nuclear maturations If the 
maturation of the red blood corpuscles in the bone marrow is impaired b> lack oi 
folate or Vitamin BI2. the cells which enter the blood stream are irregular in si/e 
.and shape, hut usually larger than normal, and contain their lull complement ol 
haemoglobin Tins anaemia is also known as orthuchromic macrocvtic
D im orph ic

If both iron and either folate or Vitamin 13,, arc deficient if gives rise 
to hypochromic macrocytic or dimorphic anaemia 
M u lti-fa c to r ia l ca u ses  o f  an aem ia
Immediate  causes

• Deficient nutrition intake
o Iron (Bio available)
o Folate
o  Vitamin B complex
o Vitamin C
o Protein



•  Interfering factors
o Phytates 
o  T ea  
o  Coffee

• Conditions such as respiratory infection and diarrhea
• Increased blood loss with inadequate iron intake.
Underlying causes:
• Inadequate diet in quantity/quality
• Poor environment

o Water 
o Sanitation 
o Food hygiene

• Poor healthcare, eg no immunization
• Excessive menstruation, child birth, malaria, parasitism, hook worm. 

Schistosomiasis and trauma
Basic causes:
• Lack o f  awareness o f  food values
• Inadequate food securilv
• Inadequate carrying capacity
• Poverty
• Inadequate health policy/programme

IR O N  D E F IC IE N C Y  ANAEM IA

Iron deficiency anaemia is one of llic mnsl common nutritional 
disorders world-wide, especially in India and odier developing countries Young 
children and wom en in the reproductive age group arc the most vulnerable to iron 
deficiency anaemia. Survey in differenl parts o f  the country reveals that 87 per



ca rt o f  pregnant w om en suffer from  anaemia and about 10 per cent have severe 
anaem ia (H  <80/1)

Iron deficiency anaemia refers to anaemia that results from iron 
deficiency or im pared iron status. Iron dependent physiologic functions can 
becom e unpaired before anemia develops. Although iron deficiency anaemia can 
occur in all socio-econom ic groups, it has historically been most common among 
the poor as is still the case today.
Aetiology:
Inadequate iron intake secondary to a poor diet such as \egetarian life style with 
insufficient haem iron The average cereal legume based diets as consumed in 
most developing countries would appear adequate in iron content (20-22 mg) for 
an adult. But the availability o f iron from such diets is very poor Only 3-5 per 
cent o f  dietary iron is absorbed in normal apparently healthy 
individual (Rao,1978)
Blood losses can occur in accidental haemorrhage, in chronic diseases such as 
tuberculosis, ulcers or intestinal disorders, or excessne blood donation or due lo 
hook worm  infestation
In rural areas, post partum haemorrhage on account of poor obstetric space! 
precnancics and prolonged periods of lactation depletes iron stores with each 
successive p r e g n a n c y  and this is reflected in the high incidence of anaemia with
high parity
Resurgence o f  anaemia is another important factor resulting in high incidence ol 
anaem ia In women, using intrauterine c o n t ra c t in 'c  dtwice. menonhagia 
(increased blood loss) may result in further depletion o f  already poor stores of
iron
Deficiency of iron in diet during periods of accelerated demands like inlancv 
(rapid expanding blood volume), adolescence (rapid growth onset o f  mensus in 
girls) and pregnancy and laclauon can result in anaemia - Losses of iron may 
occur due lo excessive swearing in tropical climaic
In adequate absorption o f t ro n  can occur in diarrhea, (sprue and pellagral or when 
there ,s lack o f  a c d  secretion by the stomach or in chronic renal d,senses w hen



\ '
antacid therapy is given. Gastrectomy impairs non absorption by decreasing Hcl 
and transit time through the duodinum

• Excessive am ount o f  pbytates and phosphates in the diet and excess consumption 
o f  tea  can decrease the absorption o f iron (Dokkum,1992).
Other non-nutritional causes:

a) Haem oglobm opathies due to abnormal formation o f hannoglobin as in 
thalassaemia, sickle cell anaemia and others. In thalassaemia there is a failure ol 
proloporphyrin synthesis.

b) Bone m arrow  hypoplasia or aplasia due to drug idiosyncrasy', radiation therapy, 
antitum our and anticonvulsant drugs.

c) Anaemia o f chrome disorder due to increased destruction and infiltration of cells 
as in malignancy , leukaemia, hypersplenism.

d) Toxins like lead also inhibit synthesis of harm and globin
e) In anaemia o f  chronic renal failure, there is a decrease in erythropoietin synthesis
f) Infection, rheumatoid arthritis, systemic lumps erythematosis and crchn's 

diseases In chronic inflammation and malignancy, there is lack o f  iron release 
from macrophages to serum, reduced red cell hie span and inadequate
erythropoietin response 
Diagnosis
H aem oglob in  m easu rem en t:

It is important tool in diagnosing anaemia Haemoglobin can he
measures from finger prick blood samples by direct colour comparison ol acid or 
alkaline haemal in where a calorimeter is not available or calonmclncally as a 
cyanmethaemoglobin or oxyhncmoglobm Method based on direct odour 
comparison are not recommended, even Iron, a field area It is advisable to bring 
the blood samples on a filtcr-papcr and estimate haemoglobin color.metr.calh
after extraction

Most patients develop symptoms of anaemia when the haemoglobin
level is approxim ately 8 -11 g/dl

The plasma ferritin level
It provides a measure of iron stores



Transfusion satuation
It can be used as a guage o f  iron supply to the tissues. It is calculated by 

dividing serum  iron by total iron binding capacity. In deficiency levels falls from 
a normal level o f  30 per cent to 16 per cent.

Recticulocyte counts
In anaemia the count increases from the normal value o f  0.5-2 0 per 

cent. Very high value (76%) indicates severe anaemia
The ratio o f  zinc protoporphyrin to haeme is a sensitive indicator o f 

iron supply to the developing red blood cells
When insufficient substrate iron is available to incorporate into 

porphyrin, zinc is then substituted Although it can combine with globin and 
circulate, this zinc containing molecule cannot bind oxygen

By itself haemoglobin concentration is unsuitable as a diagnostic tool 
in cases o f  suspected iron deficiency anaemia for three reasons

1) It is affected onl\ late in the diseases
2) It cannot distinguish iron deliciencv from other anaemias
1) Haemoglobin \alues in normal indmduals wir\ u ideh

Stages of iron  dcficieii cy:
There arc three stages of iron deficiency been described

a) First stage is characterized by decreased storage of non without onh other
detectable abnormalities

b) An intermediate stage of latent iron deficiency that is iron stores are
exhausted, hut anaemia has not occurred as vet Its recognition depends upon 
measurements o r  serum ferritin levels Hie pcrccnlage saturation of transfer 
m falls from a normal value of 30 per cent to less lhan 15 pet cent Tins stage
is most widely prevalent stage in India



c) The third stage is that o f  overt iron deficiency when there is a decrease in the
concentration o f  circulating haemoglobin due to impaired haemoglobin 
synthesis.

In case o f  selecting indicators for detecting iron deficiency anaemia in
the com m unity, the filter paper method was found to be the most suitable to
carryout haem oglobin estimation in field conditions although haemocue provides 
accurate results.
Clinical findings

The end results o f  iron deficiency’ is nutritional anaemia which is not a 
disease entity. It is rather a syndrome caused by malnutrition in its widest sense 
Besides anaemia there may be other functional disturbances such as impaired cell 
mediated immunity reduced resistance to infection, increased morbidity and 
mortality and diminished work performance

An iron deficiency anaemia becomes more severe, defects arise in die 
structure and functions o f  the epithelial tissues, especially o f  the tongue, nails, 
mouth and stomach The skin may appear pale and the inside of the lower eyelid 
may be light pink instead of red Fingernails can become thin and Hat and 
eventually koilonychias (spoon shaped nails) develops Mouth changes include 
atropy o f  the lingual papillae, burning redness and in severe cases a completely 
smooLh waxy and glistening appearance to the tongue (glossitis) Angular 
stomatitis and dysphagia may occur Gastritis occurs frequently and may result in 
achlorhydria Progressive, untreated anaemia results in cardiovascular and 
respiratory changes that can eventually lead to cardiac Imlure

Chronic long tern iron deficiency symptoms reflect a malfunction of a 
variety o f  body systems The BCiicr.il symptoms arc lassitude, fatigue 
breathlessness on excrlion. palpitations, di/./mcss, linnilus. headache, dimness of
vision, insomnia, paraeslhesia in fingers nnd toes and angina

Inadequate muscle function is reflected in decreased work performance
and exercise tolerance Neurologic involvement is manifested by behavioural
changes, such us fatigue, anorexia and pica especially pagoplmgia (ice ealing)
Abnormal cognitive development in children suggests lhe presence o f  iron



deficiency before it has developed into overt anaemia. Growth abnormalities, 
epithelial disorders and a  reduction in gastrice acidity are common. A possible 
sign o f  early iron deficiency is reduced lmmuno competence, particularly defects 
in cell-mediated immunity and the phagocytic activity of neutrophils, which may 
lead to an increased propensity for infection.
Neurological and bahavioural implications

Some o f  the manifestations o f  anaemia are fatigue, dullness, lack of 
concentration, reduced activity all leading to poor performance.

Iron deficient young adolescents have been shown to score relatively 
lower m test o f  academic performance. Also they have been found to be more 
disruptive, irritable and restless in the class room. Iron deficiency is also 
m m ftim es  associated with pica, temper tantrum and breath holding spells by 
children.
T re a tm e n t

Treatment should focus primarily on the underlying disease or 
situation leading to the anaemia Oral administration of inorganic iron in the 
ferrous form - ferrous sulphate 50-200 mg (00 mg elemental iron) 3 times daih 
for adults and 0 n ig k g  for children Other salts absorbed at about same degree are 
ferrous forms of lactate, fumarate, glycine, sulphate, glutamate and gluconate 
Ferric hydroxide poly maltose complex has proved to be a suitable effective and 
safe alternative to oral salts in the treatment o f iron deficiency a n a e m ia  b\ both
oral and parentual routes

Iron is best absorbed when the stomach is empty Under these
conditions, it leads to cause goslric irritation Gastrointestinal side ctTects of 
nausea, epigastric discomfort and distmtion. heartburn, diarrhea or constipation 
can be m in im ,« d  by increasing lire dose slowly over a few days until the required 
dosage is reached and by giving the iron in divided doses allcast Ihrce limes pei 
day Use o f  chelaied form o f  iron can result in improved absorptron and can 
reducing the likelihood o f  gastrointestinal distress Ascorbrc ac d  greatly increases 
iron absorption through its capacity to maintain iron in the reduced stale



Iron therapy should be continued for several months even after 
restoration o f  normal haemoglobin levels, to allow for repletion o f  body iron 
stores.

In iron deficiency anaemia when dietary folate is also low, treatment 
with iron alone precipitate folate deficiency' because more is needed for 
production o f  erythrocytes and the supply of folate becomes insufficient.

M E G A L O B L A S T IC  ANAEM IA

Haemopoietic tissue is one o f  the number of rapidly proliferating 
Ussues in which DNA synthesis is intense. Both Vitamin B |2 and folate are 
essential for DNA synthesis and deficiency of either or both causes a failure ol 
DNA synthesis and disordered cell proliferation Haemopoiesis is particularly 
susceptible and division of cells, is delayed and eventually halted Morphological 
changes appear in the marrow cells In the erythrocyte series there changes are 
described as megaloblastic because the cells appear abnormally large They are 
nucleated red cell precursors Megaloblast appear in bone marrow as well as in 
peripheral blood
Vitamin Bi; deficiency

Vitamin Bi? must he bound to intrinsic factor, produced by the partial
cells o f  the stomach, before it is absorbed in the terminal ileum Inability to 
produce intrinsic factor results in pernicious anaemia The red cell count is often 
less than 2 5 million and a large proportion of the cells are macrocytic The 
anemia occurs chiefly m middle aged and cldeily persons and may he a genetic 
defect Antibodies against gastric mucosa can probably he responsible for 
destroying the mechanism of producing intrinsic factor The disease thus arises as
an autoimmune disorder

Nutritional vitamin B l2 deficiency is not vciy common, even in
populations where intake o f  the Vitamin Bw «  ^  below the daily .equnemeni ol
O .S pg  -  I p g  Vitamin D u  deficiency lakes atleasl 3 years lo appear (V.tomm B,: ts
stored in the liver where there may be upto 3 years supply)



Causes of pernicious anaemia
In a d e q u a te  ingestion

A poor diet lacking in microorganisms and animal foods which are the 
sole source o f  Vitamin B 1 2 . Chronic alcoholism, poverty, religious taboos and 
dietary facts can cause B |2 deficiency. Infants solely breastfed for long period of 
time develop anaemia due to deficiency Vitamin B]2 deficiencv.
Inadequate absorption and utilization

In adequate or absence of secretion of intrinsic factor due to heredit> 
or congenital production of defective intrinsic factor gastric atropy. endocrine 
disorders associated with gastric damage or due to gastrectomy Bacterial 
proliferation is stragnent loops and in tropical sprue there is malabsorption of B 12 
Parasitic infestation such as fish tapeworm ma> remove Vitamin B |2 from the gut 
In ad e q u a te  utilization

111 is is due to the presence of Vitamin antagonists 
Increased requ irem en ts

Hypothyroidism increases haematopoiesis. During infancv and 
pregnanes, there is increased requirement of Vitamin B |2 as it is essential lor 
nucleic acid synthesis
Clinical features:

Patients with pernicious anaemia ha\e a lemon yellow or pa'c skin
Anorexia, glossitis, nchlorhydrin, abnormal discomfort, fiequent diarrhea, weight
loss and general weakness can also occur The surface o f  the tongue is usually
smooth and atrophic but sometimes it is .ed and inflammatcd Gastric secretions
are devoid o f  pepsin, acid and intrinsic factor Numbness or limbs coldness or
extremities and difficulty in walking are manifestations of neurologic changes
The haemoglobin content may be as low as 8 per cent Demyelmnlion of while
fibres o f  spinal cord occurs in severe cases Psychiatric symptoms mav occur
associated with low levels o f  Vitamin B 12 in the plasma, but m the absence of



o w a  signs o f  neuropathy. Pernicious anaemia is associated wnh an increased risk
o f  gastric cancer. Clinical manifestation are menial apalhv. pigmentation, growth
retardation and megaloblastic bone marrow. In young females there may be 
infertility.
Diagnosis:

The different diagnosis of pernicious anamaia from other form of 
megaloblastic anaemia depends upon the age of the patient (common among 
females aged between 46 and 65), the finding o f  histamine fast or pentagastnn - 
fast achlorhydria, upon the absence of pregnancv and the lack o f  evidence of 
malnutrition, malabsorption of structural change in the small intestine Plasma 
Vitamin Bi: is below 160 mgT. while plasma folate is usualh normal 
T re a tm e n t :

If the haemoglobin le\el is under 4 g d l  blood transfusion should 
always be g n e n  Physical activity should be at a minimum until the haemoglobin 
is above 7 g dl

Hvdroxocobalamin should be guen in a dosage ot 1.'" ~g
intramuscularlv twice during the first week, then 25" (ig weekh until the b ! : : i
courrt is normal Then lono  |ig e \e r .  six weeks is gnen Folic acid .'houii
be used alone in the treatment of pernicious anaemia as it J
development of neurological complications and ma\ precipitu:. h .m

Within -IX hours of the first injection of a cobalamin the bone mum 
shows a striking change from a megaloblastic to normoblastic state Withm tv •» *r 
three days the recticulocytc count begins to rise, reaching a maximum about the
4!h or 7'h day

To cope up with regenerat ion  ol blood, ferrous su lphas itu. three 

daily is given
Vitamin B n  levels in maternal milk and serum are low m pernicious 

anaem .a The dmical p .Cure ge> correc.ed by adnrnnilenng a S,ng!e dose of <o 
UR o f  Vitamin B ,2 to the mother or to the infant

e*.
n o :  r r e ^ e n :  : . \ 3



Dieteiy consideration:
Poor appelite and gastrointestinal discomfort seriously interfer with an 

adequate food intake so that the patients often present a picture of general 
nutritional deficiency. A high protein diet of 100 to 150 g of protein with high 
calorie diet is recommended. Supplementation of liver extracts w'ould be effective 
in the treatment o f pernicious anaemia

Achlorhydria retards digestion, hence fat in the diet should be kept to 
moderate levels, restricting especially fried foods that may further delay gastric 
emptying.

A soft or clear liquid diet is preferable until glossitis completely 
disappears. Spicy food should be avoided. A soft diet is recommended since there 
is anorexia and irritation o f  gastrointesrinal tract.

Supplementation with ascorbic acid is essential if citrus fruits and 
other rich sources o f  vitamin C are not ingested. High protein, high calorie 
beverages, two or three times daily should be given

F O L A T E  D E F IC IE N C Y

The main source of folate are green leafy vegetables. li\er and eggs 
The dailv recommended allowances \arv from 25 meg to 400 meg per day for 
infant to pregnant women
Causes:
P o o r  d ie ta ry  in take

M e g a lo b la s t ic  nnaemin is c o m m o n  am on g  poor  vegetarians This is
due lo poor intake o f  milk, fresh fruits and vegetables As such the Indian diet is a 
pnor source o f  folic acid and cooking practices commonly encountered trend lo
destroy the folic acid to a considerable extent
Low a b so rp t io n

This anaemia in bahies is more frequent in those horn lo mothers who 
also have a fohc acid deficiency Anaemia ,s present in tnfan.s whose die. lacks in 
Vitamin C because folic acid cannot be convened to its active form folinic actd



Folate absorption is impaired in pregnane)’. V itamin B 12 deficiency can result in 
folic acid deficiency by causing foliate entrapment in the metabolically useless 
form o f  5 methyl tetrahydrofolate.

Increased requirement
Increased requirements due to growth and pregnancy' are believed to be 

the most important causes.This increased need arises from the increase in the 
maternal blood volume, growth of the uterus, placenta and foetus.(Baumslag cl 
al., 1985)
Infes ta tion  and  infection

Malarial infection play a part in pathogenesis o f  megaloblastic 
anaemia Chronic infestation and parasitic infestation may impair absorption of 
folate 
Drugs

Anticon\ulsant drugs and oral contraceptives ma> impair foliate 
absorption in some women Loss of folic acid occur 1 1 1 haemodiahsis Patients 
fakmL' antic->n\of ant drugs lor treatment of epilepsy lend to become folate
deficient

Alcoholics comprise the only group that generally has all metabolic 
defects leading to folic acid deficiency I.ess utilization and increased excretion, 
increased requirement iind increased destruction ol lolic acid ie>ults in deficiency
slate  in a lc o h o l ic s  

C lin ical F c a tu rrs :
• Glossitis is less common
•  N e u r o lo g ic a l  p rob lem s are very rare
• Haemoglobin levels may be as low as 4 g/dl

T re a tm e n t :
• Folic acid in dose of 5 to 10 mg daily is cflccti\ c
.  Patients who have less than 5 g/dl of haemoglobin need blood transfusion 

D ietary  considera tion :



Food rich in folic acid like pulses, green leafy vegetables, cluster 
beans, ladies finger, gingelly seeds, liver and eggs should be included on the diet.

F U N C T IO N A L  C O N SE Q U E N C E S OF ANAEMIA

1) N eurological and  behavioura l  implications
Some o f  the manifestations of anemia are fatigue, dullness, lack of 

concentration, reduced activity, all leading to poor performance.
Iron-deficient young adolescents have been shown to score relatively 

lower in tests o f  academic performance Also they have been found to be more 
disruptive, irritable and restless in the classroom Iron deficiency is also
associated with pica, temper tantrums and breath holding spells by children Iron 
deficiency anaemia is also lead to irreversible impairment o f  childs learning 
ability and other behavioural abnormalities (Seshadri andGopaldas. 1 989)
2) G as tro  in testinal m anifestations

Iron deficiency is associated with varying gastrointestinal
manifestation Epithelial changes including metaplasia o f buccal and oesophageal 
mucosa are seen Tissues of iron deficient subjects contain reduced cytochrome 
and other iron requiring enzymes. Intestinal absorption has been shown to he
reduced especially for xylose and fat
3) Im miinocompetcnec  and infection

Iron is essential for normal development and function o f  lymphoid
tissue Free iron is essential Tor multiplication of all bacteria except lactobacillus
Iron deficiency results in n reduction, or cell mediated immunity These changes 
in immune response are seen early in iron depletion On rehabilitation 
improvement in immunncompetence precedes increase in haemoglobin
concentration
4) Change in epithelial cells



In untreated megaloblastic anaemia epithelial cell changes similar to 
those seen in erythroblasts o f  bone marrow occur. These include an increase in the 
size o f  both nuclear and cytoplasm with nviltiple nuclei (Plovploidy). These 
changes are seen as buccal mucosa and tongue (manifesting as glossitis) urinary 
tract (increased incidence o f  unnary infection) and uterine cervix resembling 
dysplasia. In jejunum  and large intestine villi are shorter, sometimes atTophid and 
manifest as malabsorption and diarrhea.
5) Reproductive outcome

During pregnancy, iron deficiency along writh deficiency of folate and 
vitamin B 1 2  result in poor foetal growth, prematurity and intrauterine death of 
foetus due to severe anaemia The foetus is bone with poor stores of iron and 
folate at birth and suffers from anaemia from early infancy due to poor availability 
o f  iron and folate from breast milk
6) P oor  w o rk  capacity

The endurance capacity, of the anaemias was significantly lower than 
normal subjects (Srijaya and Jhansi Rani.2003) Non-anaemics expended less 
energy than anaemics for the same activity (Devadas.ll>NX; In adult men or 
women, anaemia results 1 1 1 poor work output since the work capacitv is reduced 
considerably due to muscle fatigue Also lack ofconcentration in the work results 
in mistakes, sometimes fatal one

A N A EM IA  IN PR E G N A N C Y

In pregnancy, anaemia has a significant impact on health of foetus as 
well as ihat of mother Anaemia especially if severe. mas impair lire oxygen 
delivery lo placenta and foetus and interfere in nnnnal inlrauterinc growth 
(Thangaleela and Vijayalakshmi.lWd) In maternal anaemia placental weight, 
volume and surface area were reduced (Agarwal. 1991) Maternal anaemia 
resulted in 12 lo 2H% foetal Ids’. 30% of prenatal deaths and 7 to III"., nconalal 
death The remaining births have around fifty percentage chance of result,ng m a



low birth weight baby. Low birth, weight is the most important factor in 
determining the chance o f  survival o f  the new b o m

Anaemia jn pregnancy is also associated with increased maternal 
morbidity. Maternal deaths to the extent o f 15-20% are directly or indirectly due 
to anaemia (Thangaleela and Vijayalakshmi,1994).

Low availability and poor absorption o f  iron and repeated and closely 
spaced pregnancies place a constant drain on the iron stores of pregnant women. 
Epidemiological studies have demonstrated significant relationships between 
serum vitamin A level and biochemical indicators o f  iron status. Vitamin A is 
involved in the regulation of iron transparent from the liver and it also improves 
the haemoglobin level by impairing die absorption or utilization of iron by bone 
marrow Studies have shown a beneficial ellect o f Vitamin A supplementation on 
the haemoglobin values o f  pregnant women (Paul cl al., 1994)

Severity of an aem ia  Cut-off level o fhacm ogloh in
Mild - 9 g/dl and above but below 1 1 g'dl
Moderate - 7 g dl and above but below 1 <>g dl
Severe ■ Below 7 gill

i \ \  l i t ) .  P ’S'M

\nv pregnant women whose haemoglobin I alls below 11 g dl is considered to 
he anaemi i Studies carried out at NIN on pregnant women belonging It' lov.ei 
soco-eeonom ic group showed that prevalence o! anaemi.i w a s  between N> and
90% in die third trimester of pregnanes

A significant fall m birth weight due lo mciea.se in picmntmitv late and
intrauterine growth retardation lias hecn reported to occur when maternal
haemoglobin level rails below K g/dl Anaemic pregnant women ate prone lo
urinary tract infection I he cITecI of anaemia and inmate l.act infection m
pregnancy could also he the cause of low htrlh weight babies
Causes

Maternal dietary inadequacy
nni'lpr nutrition



Risk-care approach
All the pregnant women whose haemoglobin is below 8 g/dl should be 

considered as risk category. Anaemic pregnant women with haemoglobin level 
less than 8 g/dl should be given special care during pregnancy to improve 
haemoglobin either by oral or by parenteral iron therapy depending on the period 
o f  gestation.

p o o r  a b s o r p t i o n  o f  i r o n  a n d  r e p e a t e d  a n d  c l o s e l y  

s p a c e d  p r e g n a n c i e s  p l a y s  a  c o n s t a n t  d r a i n  o n  t h e  i r o n  s t o r e s  o f  p r e g n a n t  w o m e n  

( P a u l  et a l  , 1 9 9 4 )  H e n c e  i t  i s  r e c o m m e n d e d  t h a t  r e g u l a r  s u p p l e m e n t a t i o n  o f  i r o n  

f o r  e x p e c t a n t  m o t h e r s  s h o u l d  b e  e m p h a s i z e d  a n d  n u t r i t i o n  e d u c a t i o n  r e g a r d i n g  t h e  

c o n s u m p t i o n  o f  b a l a n c e d  d i e t  s h o w e d  f o r m  a  c o m p o n e n t  o f a n v  e f f o r t  w h i c h  a i m s  

a t  i m p r o v i n g  t h e  o v e r a l l  n u t r i t i o n a l  s t a t u s  o f  t h e  e x p e c t a n t  m o t h e r s

P R E V E N T IO N  O F  ANAEMIAS
P r e v e n t i o n  o f  n u t r i t i o n - r e l a t e d  a n a e m i a  d e p e n d s  o n  a d e q u a t e  d i e t a r y  

i n t a k e  o f  i r o n ,  v i t a m i n  a n d  f o l a t e  a s  w e l l  a s  t h e  f u l l  c o m p l e m e n t  o f  o t h e r  

e s s e n t i a l  n u t r i e n t s  F o l a t e  d e f i c i e n c y  a n a e m i a  u s u a l l y  o c c u r s  a m o n g  w o m e n  l a t e  

i n  t h e  c o u r s e  o f  p r e g n a n c y ,  a m o n g  s m a l l  p r e m a t u r e  i n f a n t s  a n d  a m o n g  a l c o h o l i c s  

S t r i c t  v e g e t a r i a n  w h o  c o n s u m e  n o  f o o d s  o f  a n i m a l  o r i g i n ,  e - p e c i a l h  w o m e n  w h o  

a r e  p r e g n a n t  o r  n u r s i n g  s h o u l d  t a k e  s u p p l e m e n t a r y  s o u r c e  o f  v i t a m i n  B | ;

T he n ation al coa ls and approaches to controlling IDA

f h e  N a t i o n a l  T e n t h  P l a n  h a s  . e l  t h e  g o a l  o f  r e d u c i n g  t h e  p i c v n l e n c e  o f  

a n a e m i a  b y  2 s  p e r  c e n t  a m n n g  c h i l d r e n  a n d  p r e g n a n t  a n d  l a c l a l m g  w o m e n  

N a t i o n a l  p r o g r a m m e s  a n d  i n s t i t u t i o n a l  a p p r o a c h e s  a r c  b e i n g  u n d e r t a k e n  t o

achieve this goal
The major approaches to controlling IDA, which are not mutually 

exclusive, are medicinal supplementation with iron and folic acid and fond based 
approaches, i e , dietary diversification and fortification o f  foods



c

Supplementation
p e \en t  anaemia under National Nutritional Anaemia Prophylaxis 

Programme contnbution o f  iron and folate tablets to pregnant women dunng last 
trimester and for pre-school children is in operation as a part of MCH services.

The National Nutritional Anaemia Prophylaxis Programme in India
( NNAP Program m e)

This programme is in existence since 1970 aims at significantly 
decreasing the prevalence and incidence of anaemia in women in the reproductive 
age group, especially pregnant women. Their policy emphasize the following 
strategies
• P r o m o t io n  o f  regular co n su m p tio n  o f  food rich in iron
•  P r o v i s i o n  o f  i r o n  a n d  f o l a t e  s u p p l e m e n t a t i o n  t h e  f o r m  o f  t a b l e t s  t o  t h e  h i g h  

r i s k  g r o u p s

i . . i i t i f i c a t i o n  a n d  t r e a t m e n t  o f  s e v e r e l y  a n a e m i c  c a s e s .

l h e  s u g g e s te d  p r o p h v l a c t i c  d o s e s  f o r  p r e g n a n t  w o m e n  i s  6 0  m g  

e l e m e n t a l  i r w i  • 5 0 0  j u -  f o l i c ,  a c i d  d a i l v  f o r  a t  l e a s t  l o t )  d a y s  d u r i n g  p r e g n a n c v  

. i n d  p r j  . c h  >ol  c h i l d r e n  r e c e i v e  2 (|  m g  e l e m e n t a l  i r o n  1 0 0  u g  l o l i c  a c i d  d a i l v  a t

least 10 0  dav .
I n  a d d i t i o n  t o  i n c r e a s e d  i r o n  a n d  f o l a t e  i n t a k e  i m p i o v e m e n t  i n

en v iro n m en ta l  ' .mutation a n d  p e r s o n a l  h y g i e n e  a r e  a l s o  n e e d e d  l o  c o n t r o l  w o r m

i n f e s t a t i o n  a n d  m f - c t i o n  ; D e w n r m m g  d o n e  r e g u l a i h  w o u l d  h e l p  i n  r e d u c i n g  t h e

i n c i d e n c e  o f  a n a e m i a  a n d  i m p r o v e  t h e  c l l i c a c v  o l  n o n  s u p p l e m e n t s

r G o v e r n m e n t  o r g a n , / c s  M a l . a  S u r a k - h a  A h h i v a n  ' ( M o t h e r  p r o t e c t i o n

campaign) free laMeU -I ..on nn.l caU...... arc p.cgn.u.l won.cn Tins
free serv.ee bv lhe government helps poo. women lo prove ihe.r anacm.c 

conditions
Food fort if icat ion with iron to contio l  anacn

, n v |„u  „ r widespread non defioencv an,I also chsmb.n.on
     iltrrnii'h the anacn,,., p rn p fc l .™  ‘' UC



reasons, it is important to diversify and improve the availability of iron in the diet.
rortification of foods with iron would act as a long-term measure to improve

the iron balance in the entire population.Fortification has been successful in
mitigating the problems of nutritional anaemia to a large extent in rural and even 
tribal areas (Saxena,1996).

Food fortification is the process by which a nutrient is added to 
commonly eaten foods to improve the quality' o f  the diet. Fortification is the 
addition o f  nutrients at levels higher than those found in the original or in 
comparable foods The food that carries the nutrient is referred to as the food 
vehicle, and the nutrient added is the fortificant. Salt is considered as an 
eminently suitable vehicle for iron fortification in India as it satisfies all the 
criteria for an ideal vehicle. Salt is consumed in India by all segments of 
population, rich as well as poor perhaps more by the poor (Rao. 1991) Two 
different technologies o f  fortification of common salt were developed at the N1N. 
Hyderabad as a long-term strategy to control the population (Nair cl a / . 1998). 
These are.
• Iron fortified salt - common salt fortified with iron
• Double fortified salt - common salt fortified with iron iodine

Salt consumption lies within a narrow range of 12-29 g da\ with an 
average intake of 1 s g'day'person Of the estimated annual production of 7 
million tons of sal1 about 4 5 i ullion tons are estimated to he a\ailahl-' foi human
c o n s u m p tio n

Iron f o r t i f i c a t i o n  o f  wheal H o u r  and bread is cunenth employed in t h e  

developing countries for the prevention of iron deficient v Fortification of cereal 
and gram products is a relatively inexpensive and effective means of increasing 
iron intake The absorption o f  iron from fortified cereals can be increased three
fold if the cereals are also fortified with about 5 mg of vitamin C/mg ofiron

So effort should lie made lo manufacture double fortified sail in large
scale and made .he same available ,n .be nvvrket lo even-one so that people can 
buy and consume the same to elimina.e the problems of iron deficiency among .he



general population and specially the children (Vijayelakshmi and Padmapriy 
2003).

a.

Dietary diversification
Dietary diversification helps to improve absorption o f  iron by lowering 

inhibitors and increasing promoter concentrations. Addition of vitamin C to a 
meal will help to increase the bioavailability of iron. Vegetables and fruits which 

mportant sources of vitamin C enhances iron absorption. Green leafy* 
vegetables had low total iron content but higher bioavailable iron (NIN, 1995). 
This may need nutrition education and changes in dietary' habits of the population.

Nutrition Education
Emphasis should be laid on educating both the health functionaries as 

well as the general population about anemia All medical, health and social 
workers horticulture department and voluntary organizations have role to play in 
promoting the consumption of iron rich foods. Following points need to be 
considered for promotion of the stratcgv,
( I )  Promotion o f  consumption o f  pulses, green leafy vegetables, other

vegetables and meat products To get vitamin B ,: consumption of meat 
or eggs need to be encouraged Encouraging the use of iron acquired 
food . during processing like rice, (lakes and dry frmls 

12) C reation  of awareness in mothers, attending antenatal clinics.
immunization sessions, anganwadi centres and erfcehes about the 
prevalence ..f anaemic, ill effects of anaemia and us preventable
nature

(3) Addition -I non rich foods to the weaning of food in infants
RcbuI.it consumption of fund rich m vitamin C such as oranges, guava.

amla etc to promote iron absorption 
(5 , Promotion of home gardening to increase the availability of common

iron rich in food such as green leafy vegetables 
(f,) Encouraging die use of ton pans and iron ladles

(4)



(7) Periodical administration o f antihelminthic drugs
,8, Discouraging the consumption o f  foods and beverages like tea and tamarind that 

ininbr. tron absorption specially by the vulnerable groups like pregnant women rnd
children.

CONCLUSION
Anaemia is ignored in most developing countries eventhough it is one

o f  the most prevalent public health problems and has serious consequences for 
national development.

.Anaemia should be addressed through health facilities and existing 
programmes that work directly with community and community workers, such as 
water and sanitation or environmental health or hygiene and infectious diseases 
control programme

Agriculture extension or food security programme can help increase 
production and consumption o f  food rich in iron and other micronutrients. The 
private sector can also help, especially food and pharmaceutical manufacturers, 
marketers and distributors The two most important nutrients w/  . iron and folic 
acid can he easily provided h\ the inclusion of the cheapest of green leafy 
vegetables which luckilv grow throughout in India.



d is c u s s io n
1. What is achlorbydria?

Achlorhvdria is defined as failure of the intragastric pH to fall to less 
than 4 under maximal stimulation.
2. H ow  copper is related to anaemia?

Copper is not part o f the haemoglobin molecule but aids in its
synthesis bv influencing the absorption of iron, its release from the liver on its
incorporation into haemoglobin molecule
3 Is there any ill effects caused by excess intake of iron?

Yes. Excess intake of iron may cause gastro intestinal side effects o f
nausea, epigastric discomfort and distention, heart bum, diarrhea or constipation.
4 What is fortification'’

It is the process by which a nutrient is added to commonly eaten foods 
to improve the quality o f  the diet Fortification is the addition of nutrients at 
levels higher than those found in the original or in comparable foods The food 
that carries the nutrient is referred lo as the food vehicle, and the nutrient added is 
the fbrtificant
5 How can vegetarians improve their diet, in case of B 1 2 deficiency anaemia

The onh source of vitamin B,2 is the animal origin In vegetarians diet
the availability o f  vitamin B ,2 is increased by using fermented foods
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ABSTRACT

Nutritional anaemia is defined a. th*, . r - . , . . condition that results from theinability o f  the erythropoietic tissue to maintain »  ____ ur . J maintain a normal haemoglobin concentration
0„ account o f  .ad eq u ate  supply 0 f  one or more nutrients leading ,o the reducrion in 
the total circulating haemoglobin (Sreelakshmi, 2003), It may be due to dietary
deficiency o f  iron, fo late, vitam in Bn vitamin r  ^vitamin B6j vitamin C, protein, vitamin E and
copper.

.Among nutritional anaemias Iron Deficiency Anaemia (EDA) is the most 
common nutritional d iso rder  world-wide, especially in India and other developing 
countries Y o u n g  children and women in the reproductive age group are most 
vulnerable to Iron Deficiency Anaemia (Seshadri et al.. 1994) These anaemias are 
due to reduced intake, impaired absorption, increased loss and demand o f  nutrients

National and Regional surveys indicate that the prevalence o f  anaemia 
could be a3 high as 74 per cent in children below 3 years o f  age, 85 per cent in 
expectant m other  and 9 9 - 7u per cent among adolescent girls and 30 per cent among 
males (M O H F W . 1998) Anaemia in pregnancy is associated with increased maternal 
morbidity M aternal death  to the extent o f  15-20 per cent are directly or indirectly due 
to anaemia (T hangalcc la  and Vipiyalakshmi, 1094)

T he general s y m p t o m s  associated with anaemia include fatigue, 
breathlessness on exertion , palpitation, dimness ol vision, paracsthesia in fingcis and 
foes and diminished w ork  perform ance I lie clinical symptoms include glossitis and
koilonychia (S reelakshm i, 2003)
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BIOAVAILABILITY o f  d ie t a r y  ir o n

Introduction
The nutritional status of a population is one o f  the factors that 

significantly affect its health and productivity and consequently the economic 
development o f the community. Among the nutritional deficiencies, iron 
deficiency is a global nutritional problem, especially in the developing countries 
The main explanation for this deficiency is the low bioavailability of dietary iron 
in the plant based diets that are typically consumed in many developing countries 
Iron deficiency' reduces mental development in infants and cognitive capacitv in 
school children and decreases immune system capability and working capacity in 
adults. It also adversely affects pregnancy outcomes, producing, for example, 
increased maternal morbidity and mortality, premature delivery and low birth 
weight o f  infants

According to Epsy (1977) Bio avail ability is the degree to which food 
nutrients are available for absorption and utilization in the body Thus
bioavailability refers to the amount of a nutrient in a food that the body ma\ 
••'‘•"lately use to perform specific physiological functions

Iron deficiency is most likely to occur when iron requirements are 
greatest l e  during pregnancy, childhood and the reproductive age In the 
developing countries, apart from increased requirements the commonest causes ol 
iron deficiency are poor availability of dietary iron and increased iron losses due
to parasrtic infestations.

In India iron deficiency anacnua is caused pnmnrilv bv dietary
deficiency o f  iron The mam source of iron from typical Indian die, is contributed 
by cereals and pulses Both pulses and grams are fairly good sources o r  iron (M O  
mg per cent) The prevalence o f  iron deficiency anaemia therefore ,n the ma,on<>
o f  Indians is paradoxical

. „ irnn Hpficiencv is less common but when itIn developed countries iron deliciencv
I, . irnn intake associated with reduced energv occurs it may due lo inadequate dietary



&

intake or due to the presence o f  some pathological state imerfenng with iron 
absorption or producing increased iron losses.

Iron deficiency anaemia is more common in both urban and rural 
population o f  India, inspite o f  seemingly adequate intake of dietary iron. This may 
be due to p o o r  absorption, caused by dietary- inhibitors like phytates and tannins. 
Interplay o f  these inhibitors and enhancers like ascorbic acid determines the 
availability o f  iron from the diet.

A factor just as important as the total iron content of the diet is the 
bioavailability’ o f  iron ingested. The absorption of dietary' iron is highly variable 
and depends on what other foods are eaten with the meal, especially on the 
balance between foods that promote and those that inhibit iron availability.

P revalence and  effects of iron deficiency anaem ia in India:
Iron deficiency is recognized as the most prevalent nutritional 

deficiency worldwide, and children below 3 years of age are considered as one 
of the highest risk groups i.e. 74% o f  children in India are with iron deficiency 
anaemia.

85 per cent o f  expectant mothers are mild and moderately anaemic and 
10 per cent are severely anaemic Iron deficiency is more common in females (60- 
70%) than in males (38%) (ICMR,2001)

• Pregnant women belonging to lower socioeconomic group 50-00% during 
the 3rJ trimester o f  pregnancy are suffering with iron deficiency anaemia

• About 6,00,000 women deaths/year in pregnancy and childbirth are due to
nutritional anaemia (Ramaknshna, 1007)

•  Prevalence o f  anaemia is grcatcsl wilhin llie counlry. Lowest prevalence ol 
33%  from Andhra Pradesh Highest prevalence of 18% in Rajasthan
(Seshadri, 1997)

nnd 43 9 ner cent children are anaemic In Kerala 23 per cent women are anaemic and p
(ICMR, 2001)



Distribution of iron in the body •

(Helen, 1999)Type o f non ----------------------- PercentageFunctional ----------------------
Haemoglobin 60-70
Myoglobin 3-4
Tissue iron (enzyme) 5-15
Storage and transport i
Storage iron (liver, spleen and bone marrow) 15-30
Transport iron (transferrin) 0.1
Serum ferritin1 <1

Functions of iron in the body:
• Interv enes in the constitution of Haemoglobin and myoglobin
• Helps combat heavy metal poisoning
• Maintains immune system
• Acts as a cofactor for several enzymes for proper functioning of cells 

Iron plays a vital role in
• Conv crtion of (3 carotene to active form Vitamin A

• Synthesis o f  purines which forms an integral part in DNA synthesis
• Synthesis o f  carnitine a vitamin like substance which helps in the transport

o f  fatty acids
• Synthesis o f  collagen a protein in our body
• Detoxification o r  drugs and toxic compounds from liver and intestine
•  Synthesis o f  neurotransmitlcr like dopamine, serotonin

Effects of iron deficiency 
Iron deficiency causes

• Reduced work capacity
• Frequent infection
.  Reduced workability and lack of concentralion



• Increased distractibility and “pica”
• Shorter attention span and dullness 
.  Decreased persistence and decreased voluntary- activity. 
Signs and symptoms of Iron deficiency

rimical symptoms
• Constant fatigue and lassitude
• Giddiness
• Dimness o f vis ion
• Headache
• Lower resistance to cold

Insomnia 
Pallor o f  skrn
Palpitations, rapid pulse rate, Anorexia nervosa. Tingling and pin and
needless in the fingers and toes.

• Oedema o f  the ankles
• Koilorrvchia
• Glossitis

Evaluation o f  iron deficiency (WHO, 1%8)
Hb norms for adults (in India)
Age/sex group Hb le\el (g dl)
Children (> months - 5 years v l  1

Children (>-14 years <12

Adult male <13

Adult females (non pregnant) <12

Adult females (pregnant) <11

These levels drop only afler iron stores area depleted and deficiency is severe

Iron deficiency and Its causes: 
Microcytic hypochromic anaemia



If mere is an insufficiency o f iron for the formula,ion of haemoglobin.
the red blood corpuscles are pale and small and ,he anaemm is said ,o be 
hypochromic and microcytic.
Normocytic normochromic anemia

It is the result o f acute blood loss or haemolytic anaemia or bone 
marrow failure.

t

Causes o f Iron deficiency Anaemia
1) Low dietary intake o f iron: Inadequate intake of iron is secondary to a poor 

diet like vegetarian diet in which availability of iron from such diets is poor
2) Failure in utilization. Failure in utilization is secondary to chronic gastro

intestinal disturbances, defective release of iron from iron stores into plasma 
and defective utilization of iron owing to a chronic inflammation or other 
chronic disorder.

3) Blood loss Blood loss can occur in accidental haemorrhage, in chronic
diseases such as TB, ulcers or excessive blood loss due to hookworm
infestation
A heavy infection with hookworm is a common cause of anaemia where 
there is a wet cultivation o f  land Haemorrhage occur at the sue of 
attachment o f  the worms to the intestinal nervous membrane Fach worm
may ingest adequate quantity of blood per day.

4) Failure to provide for the increased demands. For infancv and childhood lor 
their rapid growth and for pregnant and lactating mothers where overall 500- 
600 mg o f  iron is required during entire pregnancy, which means that a dailv 
requirement o f  4-6 mg o f  absorbed iron is necessary About 240-400 mg are
conserved during the 9 months for the lactation period

5) Parasitic infestation An attack of malarial fever, especially when due lo 
plasmodium falciparam is always accompanied by haemolysis and in a severe
or prolonged attack, severe anaemia may ensure

6) Malabsorption o f iron Inadequate absorption of iron can occui in diarrhea or
when there is lack o f acid secretion by .He s.omach or in chrome vena, diseases
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when arnarid therapy is given. Gastrectomy decreases HC1 and transit lime 
through the duodenum

Iron requirements:
Iron requirements are influenced by the availability o f  iron present in

foods. Iron present in cereals, legumes and green leafy vegetables is available to a
lesser extent (due to the presence of phytates and oxalates) than that present in 
egg, meat and fish (Swaminathan, 1976).

The iron requirements o f  an adult women is much higher because of 
the loss o f  2 mg o f  iron per day in the menstrual blood.

In the case o f  infants, the iron requirement shculd not only compensate 
for basal iron losses, but also provide for an increase in heamoglobin mass and lor 
iron content o f  body tissues associated with growth.
R EC O M M EN D ED  DIETORY INTAKE OF IRON (ICMR, 1989).
Group Particulars Iron (mg/d
Man - 28
Women - 30

' 1
| Pregnancy i  i »38

Lactating
3 0 1

1 Infants 0-6 months I1j
i1 6-12 months

------------------------------------ -- --------------------------

Children 1-3 years 1 2  :
1

4-6 years is
7-9 vears0

26
10-12 years 34Boys
13-15 years 41
16-18 years 50

^  t  \

Girls 10-12 years 20

13-15 years 28

16-18 years 30



Who may need extra iron to prevent deficiency
Pregnant women
Preterm  and low birth weight babies 
Toddlers and children 
Teenage girls
W om en o f  child bearing age 
People with renal failure
People with gastro intestinal disorders 
Sports persons 

Assessment of iron stores
.Assessment o f  iron stores is a more sensitive indicator o f  IDA.
1) Blood Hb le\el Iron deficiency develops gradually and usuallv begins with a 

negative iron balance, when iron intake does not meet the daily used for 
dietary iron This negative balance initially depletes the storage form of iron 
while the blood Hb level, a marker o f  iron status, remain normal

2) Blood transferrin level Transferrin is an iron carrying protein and blood 
transferring level increases when lr^n stores are low in the body

3) Total iron binding c a p a c i t v  (TIBC) I t  is normal content o f plasma a n d  

increases when iron stores are low
4) Per cent transferrin saturation Per cent transferrin saturation decreases when 

the body iron stores arc low It decreases from normal 30% to 15 o
Regulation of iron absorption
a) Need for iron Iron absorption is lightly regulated, depends on the need

Absorption is increased when new red cells are being rapidly formed in the
bone marrow 

Eg After haemorrhage, iron deficiency anaemia 
During pregnancy iron absorption increases to meet the needs of the 
The iron absorption m adolescent girls is 5% as against m boys and girls ol

other ages
b) Transferrin synthesis Iron absorption is mos.lv regulated through a in n s '* .

n r . * v (  a t n  I  r n f l f l  fVl f* FIT“1
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Iron deficiency individual synthesize more Jranfemn Onh 20-33per cent 
of die non btndtng sites of transferrin are nomulh saturated vmh non 
Excess non which is not transferred to transferrin is taken up by the iron 
storage protein, apoferrtin and stored as femtin in mucosa.

c) Unbound or free transferrin: Indtvtduals with poor uon status ha te  higher
free transferrin levels to pick up more Fe from the gastrointestinal Iract If
more uon  is needed by the body it is picked up by ihe unbound or free 
transferrin.

The ingested iron is solubilized and ionized largeh b> ihe acid gastric 
juice, ascorbic acid, sugars and amino acids which promote absorption, but it is 
most efficient in the upper portion (Conrad, 1970) Most of the iron absorbed into 
the blood stream  passes rapidly through the mucosal cells in the form of small 
molecules, that portion exceeding the rapid transport capacitv combines with 
apoferrtin form ferrtm Some o f  the ferritin iron may rather be released for uptake 
into the blood stream, but most o f  it seems to remain in the mucosal cells until 
they are desquamated at the end o f  their 2-3 day lifespan

Absorbed iron is transported in plasma, bound to transferring and 
deliver this iron lo the bone marrow for haemoglobin synthesis, to 
reticuloendothelial cells for storage The transferring content of normal plasma is 
expressed as total iron binding capacity (T1BC)
M E C H A N IS M  O F  A B S O R P T IO N  OF IRON, ITS REGULATION, 
T R A N S P O R T  A N D  S T O R A G E

Iron absorption is defined as the percentage of ingested uon tliat often 
the digestion o f  food, has passed the mucosal cell and its taken up by the blood 
During each stage o f  absorpiton. tron mlcrnc. w„h oilier components o f  ingested 
food These ui.erac.tons uifluenee absorption, bioava,lability and u . t o t , o n  ot
iron positively or negatively (Dokkum. 1992)

Iron absorption takesplaee mainh tn the Deodunum and upper jejunum
j i i  nierr 1 <)RS) Iron enters the stomach tromo f  intestinal mucosal cells (Muir, and I lopt ,

• ^ «n .h ,  Fe1* state no matter Ms original form whichthe oesophagus Iron is oxidized to the



takes orally. Gastric acidity as well as soluWismg agents such as ascotbale 
prevent precipitation o f  the normally insoluble Fe” . Intestinal mucosal cells in the 
duodenum and upper jejunum absorb the iron. The iron is coupled u  transfernnc 
(TF) in the circulation which delivers it to the cells of the bodv

« rIron toxicity/Iron overload
Iron toxicity is a condition in which excess iron is found in the blood 

and stored in organs such as liver and heart.
Hemosiderosis or Siderosis

This deficiency occurs when there is abnormal destructions of the red 
blood cells as in hemolytic anaemia. An excessive intake ol iron daih produces 
typical symptoms o f  cirrhosis o f  the liver as the iron is stored in it in large 
amounts.
Hemochromatosis

An inborn error of metabolism in which there is a failure to control 
iron absorption from the small intestine It continues in an unregulated fashion 
causing iron o \erload  
C h ara c te r is t ic  F ea tu res

• Enlarged and cirrhotic liver
• Pancreatic diabetes
• Slate gray discolouration of the skin
• Hypogonadism

Types of dietary iron
There arc two distant types o f  dietary iron hen* and non heme iron

Heme iron is a cons.iluent o f  haemoglobin and myoglobin and therefore is present 
in meat, fish and poultry, os well as tn 'Hood product Hence non accounts for 
relatively small frae.ron o f  total non usually less than 1-2 mg of non per day The 
second type o f  dietary iron, non heme non. is the most important . 0  

found . 0  varying degrees in all foods o f  plan, origrn The ohsorptron 0  non o m a  
die, is .has determined by Ore amounts of heme and non-heme non present
diet (Flail herg and Rossander, 1991)
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Sources of dietary iron.

Sources o f dietary irun:
Chemical form  and types 
o f  iron 
Heme iron

Source --------- —

_____________________________

Meat, fish, poultry and blood products 
Bioavailability is high - 20 to 30%

Non neme iron1 Mainly found in cereals, lubers. vegetables and pulses ! 
Bioavailability determined by the presence of j
enhancing and inhibitory factors concerned in the 
same meal J

Contamination iron1 Soil, dust, water, uon pots etc Potential i 
bioavailability usually low. May be present in large 1 
quantities, in which case its contributions to total non
intake is not insignificant

------------ -------- ------------------- --------------------------

Facton influencing bioavailability of dietary iron :
Bioavarlahihty is the percentage of ingested iron that becomes available for 

metabolic action Bioavailabihty includes iron absorption.transporl of iron to 
relevant body tissues.and conversation into its pb> sioloeicaJK active 
formr. (Dolck.um, 1 992)
Iron absorption refers to the amount o f  dietary iron that the body obtains and uses 
from food Healthy individuals absorb about 10-15% ol dietary iron but 
individuals absorption is influenced by several factors 
Factors in flu en cin g  binnvailability o f licm c iron
In d iv id u al factors

Heme iron absorption is much less influenced by the iron status of the
subject Partial gastrectomy and pathological conditions that effect the small 
bowel mucosa, such as cocliac diseases do not significantly nTect the absorption
o f  heme iron



b) Dietary factors
Meat greasy faalnates the absorption both non he™  tmd h e™  iron 

from the diet. Most o f the iron in the liver is he™ non and remain,ng 30 
percentage is mainly ferritin and hemosiderin. The bioavtulabihty of he™  iron m 
meals contaning meat is about 25 per cent and lhe bio-availabtlny of heme iron 
grvm without meal or liver has a maximum absorption of about 10 per cent 
decreasing with increasing dose to a five per cent.
Factors influencing the bioavailability of non heme iron
a) Individual factors
(I) Anaemia

Nutritional anaemia may be defined as the condition that results from 
the inability o f  the erythropoetic tissue to maintain a normal haemoglobin 
concentration leading to reduction in the total circulating haemoglobin 
(i) Iron deficiency 
fn) Hemolytic 
(in) Acute blood loss 
(iv) Sideroblastic refractory
(II) Pregnancy

The bioav ajlabihty of iron met eases during pregnancv and i> rouehb 
parallel to the increased iron requirements (Hallberg, 19X7)
(Til) Disease states

In idiopathic hcmodermotosis, the absorption of food iron is markedly
increased in relation to the si/c of iron stores (Ben/, wed a it o l . 1

Other factors which influence iron absorption are hypoxia.
erythropoietin administration, cobalt administration, Iner regeneration, pvn
deficiency etc
b) Dietary factors

Enhancers which include organic acids like ascorbic acid, succtntc
acid, and citric acid, proteins, sugars & fat

Inhibitors ore phyta.es. tann.-tes, fibre, calcium soyabean, oxalaies an
phosphates
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1) Ascorbic acid

75 r  ^  "  ° f  "0n'h™  -  absorption.About 75 tug ascorbic acd increased non h en . ir„n absorption ihiee to four told
(Cook and Monsm, .977), When ascorbic acid was added to a meal, the oicrease
in iron absorption was proportional to the f W  nf ime aose o f  supplementation (Cook andMonsen, Lynch and Cook, 1980)

According to Deehr e, a l .  (1990) ascorbic acd present orange jmce
consistently increased non heme iron absorption Higher percemage o f  d.etan
ascorbic a c d  content in high socio-economc group when compared ,o the low
socio-economic group might be one o f  the several factors which caused the higher
availability of dietary iron and increased blood iron and haemoglobin in high
socto-economic group than the low socio-economic group (Annapuram and 
Murthy. 1984)

.Ascorbic acid is the best enhancer or non heme ir0n absorption The 
mechanism b\ \nhich Vitamin C promotes iron a\ailabilitv bv reducing ferric iron 
to its ferrous oxidation state and secondly ferric iron may form a ferric ascor'ute 
complex at the low pH prevailing in the stomach Tins irun chelate remains stable 
and soluble at the higher pH in the duodenum, thus making iron available loi 
absorption Tins complexing. however, must be initiation at a low pH (Lvnch and 
Cook, 1980, Clydesdale, 1981)

A studs conducted bv Hunt cl al (1990) showed that in iron depleted 
women consuming a diet with predicted poor iron availability, ascorbic acid 
supplementation enhanced body iron retention lor 5 5 week1'

Annapuram and Murthy (1984) concluded that the rise in serum iron 
and haemoglobin level after suplementnting spouted green gram in the diet is due 
to an increase m the ascorbic acid content
2) Succinic acid

Succinic acid which increases the absorption of iron from 
pharmaceutical doses o f  iron had about the same 35 pci cent absorption promoting
effect on dietary non heme iron (Rasmussen, 1 ‘>74).
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a) Individual factors
gastric achlorhydria the absorption of dietary non-heme iron is

reduced m relation to the absorption from a ferrous iron salt. After partial
gastrectomv a decrease in the bio availability of non-heme iron is often observed.
The magnitude o f  the decrease depends on the type of gastric operation 
performed.
b) Dietary factors

Many compounds in foods are reported to inhibit the absorption of 
iron, among them are phytates, oxalates, phosphates, polyphenols and soy 
products (NfN, 1990). Iron from vegetable origin was much more 'surrounded' b\ 
inhibitors, such as phytates, fibre, oxalate and phosphates, than iron from animal 
origin (Dokkum, 1992). According to Hallberg and Rossander (1991) the 
important (actors that decreased the bioa\ailnbilily were inositol phosphate (eg 
phvtate). iron binding phenolic compounds and calcium. Thus non absorption is 
adversely affected by the presence of the following dietary factors
1) Tannates

Derman ct a l , 19X7 reported that tea markedly reduced the absorption 
o f  non-heme iron from foods This elTect has been ascribed to the formation ol 
iron tannate complexes It has also been suggested that tannins ma\ be partly 
responsible for the low bioas ailabihty of iron in mans- vegetable foods

Many popular beverages such as tea and coffee also constitute an 
important source of iron binding phenolic group such as tannin compounds 1 hese 
compound , were considered to be responsible for the reduced bioavailabihlN ol 
non heme iron (mm food . (Hrnun cl a l . I C o m p o u n d s  with a pob phenolic 
structure are considered responsible foi the reduced availab.I.iN ol non became o!
the formation o f  insoluble complex (Dokkum. 1992)

Separate (he tea drinking habit from the meal time One o. two horns-
later, the tea will not inhibit lhe absorption, since most of the food would have lell 
the stomach Tamarind, lurmeric and chili* were rich sources olTonnms



2) Phytates
ets o f Indian people are based on cereals and contain excessive

phosphorus and phytates and low calc,urn It has been postulated that phytate
inference with the absorption by complexing with iron as it passes through the 
intestinal tract and it not available for absorption.

According to Hallberg and Rossander (1991) the important factors that 
decreased the bio availability were inositol phosphates (eg. Phytates); iron binding 
phenolic compounds and calcium The potent inhibitors of non heme iron 
absorption widely distributed in vegetable foods were phytates and polyphenols. 
Phytates in whole grain cereals, legumes, nuts and seeds could bind non heme 
iron and greatly reduce its absorption. Phytic acid prevent as a constituent in many 
cereals reduce iron absorption by forming insoluble complex of ferric phytaie 
which was made soluble during germination (Annapuram and Murthy, 1984)

The solubility o f  non heme iron in the small intestine is a major factor 
in determining its absorption Polyphenols and phytates in plant foods are known 
to bind with non heme iron and thus inhibit its absorption (Craig. 1994)
3) Fibre Fibre was responsible for the low bioavailabilitv obser\ed hum cereals
Binding of divalent metal mas such as iron (Fe). calcium (Ca) and Zinc (Zn) In
dietary fibre was been demonstrated by several investigators As a result.

*

decreased intestinal mineral absorption is one of the possible negative elTects ol 
dietary fibre (Ran and Ramulu, 1998) Study conducted bv Jainita ( l l>98) showed
that the crude fibre reduced from 4 08 g/|(>() g lo 3 ‘>7 g loo g.J 85 g loo g and 
390 g/IOO g on 24 hours. 48 hours and 72 hours of germination respectively On
dehulling too the fibre content reduced Irom 4 20 g/100 g to 1 35 g loo g lluis
Ihe low bioavailahilily of iron in rani "lsl’llc of 115 hlSh " on c0" ' c" '  K' 
attributed to its high fihrc and tannin content
4) Phospha.es The addUion of egg while lo favour asco.bale reduced rrou 
absorption The vi.ellin fraction o fy o tk .  high in phosphoprolein. was believed io 
amoum for .his absorption Although egg con.nu, approximately 1 mg of iron, .he 
iron is poorly avar.able to humans and .he egg yolk further mhrbrts absorplion of 
oUter dietary iron (Bayttess and Bothwell. .940 , Yolk phosphates of egg hind,



ionic iron and reduces its solubilitv thmiy inus decreasmg its availability to mucosal
cells (Halkett et a l , 1980).
5) Oxalates: Oxalates decreases iron absorption Studies on meal served with and 
without extra oxalic acid (100 mg) have failed to show such an effect. Green leafy 
vegetables and other vegetables contain oxalic and which inhibits iron absorption. 
Green leafy vegetables has low total iron content but higher ionisable iron (35%) 
when compared to pulses (NTN, 1994).
6) Calcium. Supplemented CaC 0 3  has been shown to inhibit iron absorption. In 
humans when it was consumed together with food, CaC0 3  supplements depressed 
iron availability. Both the cation and the anion in CaCCb contributed to the iron 
absorption -depressing action o f  this salt (Prather and Miller, 1992).

A study by kochanowski and Me Mahan (1990) demonstrated that 
Calcium inhibited iron absorption w'hen two minerals were present together but 
when reported by one hour, there was no inhibition. This suggested that calcium 
has to be present in the same meals as iron to interfere with its absorption. About 
30-50 per cent more iron was absorbed when no milk or cheese was served with 
lunch or dinner A reasonable separation of calcium and iron intake would
improve iron nutrition (Gleerup cl a l , 1995)

A stu ly bv Dechr ji al (1990) had concluded that 500 me calcium as
milk had an antagonistic effect on iron absorption.
7) Zinc and Copper Zinc and copper may bind lo thionems forming lhe respective 
metal Inthioncrns but copper binds more strongly than /rnc Hence lhe (i.mspon of 
copper across lire cell in impaired and loss copper uilcrs the eircnlalion As nu> 
be lhe case with iron bound In ferr.lm in lhe mucosal wall, the copper - lliioncin 
complex is released rnln the lumen by desquamation of the cell Because copper w 
involved in non  metabolism as rmoxides. a rclaroch high, intake nr vine mas
therefore rnduce anaemia (Dokkum. 1

r rnv flnnr is known to reduce the absorptions ol8) Soy proteins Soy proteins or sov Hour
non-heme iron in humans

Macfaffane cr al. ( I W )  showed that when compared wall, a soy Horn
meal contarnmg an equa. amount of protern. iron at.orp.ion was found
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significantly improved. Tliis improvement could he pvnt • J , ,. ^  explained with reference tc
ufcuige m the protein composition of .he prbdoct due to ferremation
Effect or simple process^  of food, on the bioavailability of imn
1) Milling

Milling o f  cereals greatly affects their iron bioavailability Iron 
nailed pohshed nee, for instance is a tou . 4 times better absorbed than is iron 
uruniUed nee. Study conducted by Jainita (1998) in KAU reported that _ 
processmg n ee  the total iron was found to be maximum in the case of parboile. 
and hand pounded rice while the absolute avtulable iron was more for parboded
nailed rice due to the reduction in the fibre content as a result o f  milling
2) Dehulling

Use o f  pulse after decortication to dhal is a most common household 
practice The outer seed coat o f  the pulse grams have the polyphenolic compounds 
such as tannins which interferes in the absorption of iron Study conducted by 
Jauuta (1998) revealed that on dehulling pulses both total and absolute available 
iron w as found to increase except in the case of soyabean This can be attributed 
to the fact that decortication of seeds reduced tannin to a low level with a 
significant increase in the mmsable iron Dehulling of pulses substantia l reduced 
the fibre simultaneouslv increasing the total iron content

Studies conducted at N1N (1994) revealed that the total iron content in 
seven varieties o f  whole pulse" ranged between 5 7-9 4 mg H'D g but the per cent 
lonisable iron varied widely from 3 4 to 35 9 The per cent lonisable non in sp :t 
pulses was found to he significantly higher There was no difference in the value 
o f  phytate between whole and split pulses hut the tannin content was found to he
low m split pulses
3) Germination

During germinal,rm. several enzyme syslem become acm e and bnng 
about profound changes tn Ihe nutritive value o f  pulses Antmumuonal lectors 
such as phvta.es and .anmns which conversely affect the btoavtulabtlt.v of 
d,valent tons are broken down on germtnarion Germinated seeds were analvsed
before and afier decortication
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D u ring

.fa fe  ionisable iron nearly doubled Decorated seed samples which had low 
taogjn and high ionisable iron did not show any improvement at thfferent stages 
: f  ’ -nutation  The phytate content of the seeds decreased and ascorbic acid 
content increased during germination A reduction in tannin content of the whole 
seed during germination is responsible for the observed improvement in ionisable 
iron (Rao and Prabhavati, 1982).

Study conducted by Jairuta (1998) indicated that when pulses were
g a l im i t e d ,  the total and absolute available iron increased with increase in time of

>

germination. This may be due to the breakdown of antinutritional factors such as 
tannin and phytates during germination The effect of germination of ragi on 
tannin and ionisable iron revealed that the tannins reduced with increasing hours 
o f  germination. On germinating ragi the total and absolute available iron were 
found to increase with a simultaneous reduction in the fibre content upto 48 hours 
o f  germination. Pulses do not contain ascorbic acid other than when ihe> are 
germinated thus, with increase in germination time of ascorbic acid, total and 
absolute available iron were seen to increase
4) Roasting and puffing

Roasing and puffing results in imparting a descnbabie flavour and
taste It also destroys the antmutnents which are thermo liable which intum favour 
absorption Roasting meal products resulted in high levels of non heme iron aiter
cooking compared with before cooking (Schncker and Miller. 1 8. )

When the cfTcct of different cooking methods were analvr-ed. the total
and the absolute available iron seen In increase on masting black g.am and Bengal 
gram the absolute available iron increased len to lillecn fold A further increase 
was observed m both total and afrtolu.e available iron when pulses were roasted

after dehullmg (Jamita. I f>°8)
5) Fermentation ,, , ,ini iht- nroccss of fermentation modifiesResearch evidence indicate the
. c .   .............................,.{ o,nd hv increasing the bio-ava.lab.lity ofnutnents



Study conducted by Reddy a  aL (2000) showed that there was a Ml in 
pb y u te  phosphorus conteia and an increase in tannin com m , were noticed with a 
rise in the period o f  fermentation. Fermenting foods beyond the penod o f  six 
hours enhanced the  content o f  tonisable iron and also the biodiversity of iron 
significantly.

A  reduction in the content of antinutrients was noticed in idli and 
^ _ j j n  dhokia as compared to that in batters o f  idli and khaman dhokia. On the 
other hand, the ionizable iron content as well as bio-availability of iron did not 
differ significantly between idli and idli batter. In khaman dhokia the ionizable 
iron content was significantly more than that in dhokia batter but the 
bioavailability o f  iron remained almost the same

Study conducted at KAU by Jainita (1998) showed that there was a 
slight increase in the absolute available iron of fermented and unfermented idli 
baiter which further increased In the case of prepared idli Thus iron became 
more available on fermentation and cooking by steaming 
(6) Cooking

Braising meat resulted in significantly higher non heme iron level on 
the surface portion compared with before cooking levels and wiih the cenire 
portion after cooking The microwave methods did not significantly affect the 
distribution of non heme iron to total iron before and after cooking The bi^i.inr  
and roasting methods cooked the meat to a higher interval temperature and 
resulted in higher non heme iron levels than the microwave method (Schncke. 
and Miller. 0 8 1 )  Healing foods and storing cooked foods earth destroved 
ascorbic acid and therefore significantly decreased iron availabtlm lor absorption 
Prolong storage o f  canned products increased the iron conten. of foods Reduced 
heme iron absorption has h em  observed afier over cooking ol meat caustng
denaturatton o f  the heme (Martinez el al. I *8 I

The total n o n  and f t .  absolute available non
pressure cooked nee  rather than rtce bo,led In excess w a te r^  ^

tn the total and absolute tolled .R e, so a k tn g  the total
durmg cooking under pressure When p u t*



ZCf
^  absolute avaflaHe bon increased f a  t0 Ieaching
quantises o f tannin thus enhancing the avaflahffity of iron after cooking A further
increase m both total and absolute available iron *us observed on pressure 
cooking of soaked pulse (Jainita, 1998).
(7) Cookware used

Addition o f non to foods due to preparation in iron cookware has often
been cited as bemg significant. Although the possible role of uon cookware in
uon nutrition has been debated, some studies have shown that inlake of food
exposed to uon cookware can produce a significant raise in haemoglobin values in
humans. However, no biological studies for such nuintional iron have been found 
in the literature (Rosenoff and Kennedy, 1982)

Study conducted by Jainita (1998) on the effect of different cooking 
vessels on the total and absolute available iron, observed by different cooking and 
processing methods revealed that the total iron was maximum for cereals and 
pulses cooked in iron vessels mainly due to the contamination of iron from the 
iron cookware The absolute available iron was maximum for cereals and pulses 
cooked in inert vessels like glass, mud and tufflon coated vessels and it was least 
m the case o f  aluminium vessels which react with food constituent forming 
complex com pounds which maJ.es the iron unavailable
Combinations and proportions of foods

The food combinations were formulated on the basis of using foods
that are normallv consumed familiar, locally available and low-cost, containing

*

enhancmg factors and limiting inhibitors to the extent possible and providing an 
overall balanced die to provide all the major nutrients required b> the bodv (NIN.
1992-93)
-  Tea with milk, lemon lea or herbal lea has been included between meals (and

not with them) for betteT absorption from the meals
-  Restrict beverages along with the main meals Mdk ,s taken a. breakfast, m

the evening or at bed ..me and no. « , .h  the m an  meals .hat contnbu.e most 
o f  die daily u o n  mtake Mdk m.ake nets be increased to 4 « ,  ml per dw

provided it is distributed as suggested



_ fadude Jaggery instead o f  sugar as it contains iron whmiron whereas sugar containsonly a trace.
-  Early morning tea may be deleted and r ed a c tp la c e d  with mid-moming or mid-aftemoon t e a

-  Meab be C° ° ked 35 0M ^  nassiroti (chapatH) -comprising wheat
or millet flour + pulse flour (chickpea) + GLV or gingeUy seeds, or rice 
khichdi consisting o f  rice + green gram or chickpea split pulse + greens to 
improve nutritive value by supplementary action and to reduce cooking lime

-  Eat vegetables like cabbage, radish leaves and capsicum afler food-safety
aspects have been observed, should preferably be eaten raw as salads to 
avoid loss o f their vitamin C content.

Increasing intake o f  foods w ith  more iron bioavailability
The overall intake o f  iron from iron rich foods needs to be increased to 

obtain the optim um  level o f  RDA o f  iron in Indian population groups This 
increase should be coupled with efforts to combine appropriate foods in the diet to 
enhance the bioavailabilitv o f  iron and reduce inhibitors- factors

*  90

Processing o f  cereals and pulses like milling, dehulhng. germination, 
fermentation etc enhances bioavailabilitv
Cereals and millets, poises and legumes. GLV, nuts and oilseed are good 
sources o f  iron Even ssithout the hoem iron lound in fish or poullrs, 
vegetarians are not at greater risk from iron deficiency than non-\cgetanans
(Miller, 1999)
Plant foods can supply all the hacmatinic nutrients in adequate amounts with 
the exception o f  vitamin D u
Encouraging production, processing, marketing and consumption im|
dietary consum ption o f  iron

-  Vitamin C rich foods must be consumed at the same meal that contnbules the
major part o f daily dietary iron (Cook and Monsen. 1 >77)

-  Household processes such as germinations, malting of gtnins/pulse
fermentation should he used to overcome phytntes (Choudhnn on 
1994) and enhance the ascorbic acid and D vitamins

and



The presence o f  carotene in rice, wheat and corn based diets improved iron 
absorption from one to more than three fold suggesting that both ascorbic 
a n d  and carotene (Garcia-Casal et al., 1998) prevented the inhibitory effect 
o f  phytates on iron absorption
Separate tea drinking habit from the meal time which contains inhibitors like 
tannates reduces the bioavailability.

-  A\oid  taking calcium and iron rich foods at the same time (Hallberg et a l . 
1991; Hallberg, 1998) 300-600 mg of  calcium inhibited iron absorption b\ 
60 per cent, which is the maximum inhibition of iron.
Eggs should be eaten along with a fruit. They are rich in iron content, but its 
bioavailability is poor. When two eggs were consumed per day there was a 
significant reduction in iron absorption from Indian meals (Kaur, 1981). 
Inclusion in our daily about 50 g of GLV, children who consumed GLY once 
a week or more frequently had higher iron levels than non-consumers 
(Seshadri. 1997)
Dailv intake o f  fruits rich in vitamin C with two major meals for eg guava 
results in a significant increase in iron (Seshadri ct a l . 1985)

Conclusion
Fnhanced production and consumption of animal foods would be a  

solution to the problem of poor availability or dietary iron a s  heme iron are leadik 
absorbed and they also enhance non heme iron availability However, the present 
limitations in the production and availability of  foods of  animal origin, the low 
purchasing power o f  the majority of lire people and cultural constraints on intake 
of animal foods are formidable barriers It i s  probable, therefore, that for a  long 
time lo overcome the need for non will he met only through nonheme iron source 

II IS not practical In substitute part of the plant foods by animal foods 
(Heme Iron) due In  then hrgher cos, and cultural constraints therefore alternative 
approaches o f  increasing the total htoavatlahle iron rn.ake are necessan as
strategies for combating non deficiency .anaemia (Kakade and Agtt.

Iron .he results of  the study it was concluded that subsltlu.ion or
II inu cost foods high in bioavailable iron tosupplementation of  locally available, low cost io o q s  h
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nee based d « s  wouki enhance the absolute available iron of our diet and such 
cc recjmre 1 0  Nj cncour^g^
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1 . Which are the green leafy vegetables rich in iron?
(A) Chekkurmanis, radish leaves, amaranthus, kuppamenL
2 Why all animal foods are not rich source of  heme iron though they contain 
heme iron?
(A) meat,fish, poultry are good source o f  heme iron, it is found that lg  of  meat 
has the same enhancing effect as does lmg o f  ascorbic acid. The protein must not 
only be animal protein but must be contained within animal tissue. Hence animal 
protein in milk,cheese and eggs does not have the same effect.
3. What is pica?
(A) It is the habit o f  eating inedible things like chalk clay etc. As 1 mentioned 
earlier, certain neurological changes leading to behavioural abnormalities are 
common in anaemia Pica is one o f  them
4. H ow  can you prevent iron toxicity in a condition like hemochromatosis’’
(A) It is treated by reducmg the load of iron in the body. This is effectively 
accomplished by periodic blood withdrawal Half a litre of blood contains
approximately 200-250 mg o f  iron
5 What is the difference between soy meal and soy sauce’.’
(A) Soy sauce is a fermented soy product produced by inoculating the so> beans 
with various species o f  bacteria, fungi and moulds where as soy meal is obtained 
by grinding Ihe caJsc or chips lhat remain allcr removing most of  the oil from ihc
soybeans
f' Hovv soy bean inhibits iron absorption}
(A) The Bionvailabihly of  iron from soy is influenced b> the form of so> 
product.and depend on whether fibre nnd phytic acid is present So> bean ,s 
deficient in methionine which increases iron absorption

7. Are dates good source o f  iron
(A) Yes all dried fruits are rich source o f  iron os they contain sugar
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A B ST R A C T

Bio availability
■ a  „ T  H • th  J l nU‘riems “ * mailable forabsorption and uuhzatron m the body. Thus bioavailablity refers to the amount of

,  nutrient m a food that the body may ultimately use to perform specific 
physiological functions (Epsy, 1977). 

There  are tw o  distinct types o f  dietarv imny ui Qieiary iron, heme and non-heme iron
The bioavailability o f  iron from a diet is thus determined by the amounts of  heme
and non-heme iron present in the diet (Hallberg and Rossander, 1991)

The heme iron is more available to the body. It is not affected by any 
dietary factors

Bioa\ailability o f  non heme iron is depended on various enhancers and 
inhibitors m the diet The dietary factors affecting the bioavailabiluv of non-heme 
iron are ascorbic acid, succinic acid, citric acid, protein, sugar and fat Ascorbic 
acid is the best enhancer o f  non-heme iron absorption (Clydesdale. 1981) Various 
arrnno acids are capable o f  dissolving metal phy late precipitates and hence 
making iron more available for absorption (Dokkum  1992)

Mans com pounds  in fo o d s  are reported to inhibit the absorption of 
non-heme iron, among them are phy tales, oxalates, phosphates, tannates. Iihre. 
calcium and sox proteins Phenolic compounds w ere considered to be responsible 
for reduced bioavailahility o f  non-heme iron from foods (Brown «.(a l . 1 5

Simple processing methods such as milling, dehulling, germinatun. 
roasting, fermentation and cooking increased (he total and available iron in loods 
(Jaimta, 1998) Studies conducted by Redd' ct al (2090) showed that there wa 
fall in phytate and phosphorus  content with a rise in the period of fermer
and thereby an increase in (be availability of  iron from fermented fo

1, is no .  practical . 0  subs.,lulu par. of  .he plan, foods by annual foods
flierne iron) due  1 0  Iheir high cost and cultural constraints Su 
supplementation o f  locally available low cost foods high in bioavatla 
rice based diets would enhance the absolute available iron
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iSUTRlTICW PROBLEMS AND PROGRAMMES IN INDIA

In the ultimate analysis, it is the quality o f  the human resources o f a co
ttat determines its strength o f  greatness; and a major determinant o f that quality is tfc
bealth/nutritional s ta tu s  o f  its people .  N u tr i t io n  is a major  factor in bringing out the
a^m um  potentiality that one is endowed with both physically and mentally. Good
nutrition depends o n  an a d e q u a te  sup p ly  and this in turn  on a sound agricultural policy 
and a good system o f  food  d is t r ibu t ion  (Sree lakshm i,  2002)

Three m ajo r  f ac to rs  cou ld  have  militated against any dramatic improvement 
in the nutritional s ta tus  o f  I n d ia ’s p o p u la t io n  during the last two decades First, there 
has been a rapid increase  in p o p u l a t i o n ,  which had nullified the beneficial effects of 
substantial increase in food  g ram  p r o d u c t i o n  Second,  social and economic inequity 
and distributive in just ice ' ,  w h i c h  l r. th e  r o o t  o f  the problem o f  undernutrition Third, 
national efforts at ensu r ing  b e t te r  ■ hiM -.up.iv.il have not. thus far. been matched by 
equally vigorous e ffo r ts  at e i w in r m  o .  i h e  i llh and  nutrition among the survivors

Despite these  l imita t ion  , r h ' s e  n c  heartening indications that, at long last 
India may he at the tu rn in g  p o n e  \ . n h  ie .pect to nutri tion The nutritional status ot 
poor children has not d e t e n o i a t e d  and indeed has shown some improvement So there 
has been no spec tacu la r  dec l ine  m the uveial l  percen tage  ot people below the poverty 
line, there has app a ren t ly  been  a a e m lu a i i l  tall in the proport ion of the poorest 1 1 1 
poor’ - to w hose  ran k s  m os t  i a a w  o| seve ic  m ulcrnutnt ion  generally belong 
Percentage o f  chi ldren  sufTenrm Irnm ' s e v e re '  under  nutrition has significantly

declined in recent years  ( ( iopalnn .  I ,)(> \ )
Malnutr i t ion is an eco log ica l  p rob lem  that does  not occur 

nr i i ir The term mfllnutntio
poverty, d is tu rbed  family s t ru c tu re ,  ignorance  and espa i rpinnifiR countries,

deludes both u n d e rn u t r i t io n  as well  as overnutr i t ion  and i children
Under nutntion is the m a jo r  public  heal th  p rob lem  rh c  ma,n u c m  

men *n reP foduc t ive  ag e  g r o u p  ( Vazir ,  2 0 0 3 )  evndrome
« »  burning yDisenses like cardiac beriberi, peripheral neiin is, ^  eafjv

PC,lagra' vvh>ch used to h* rh<* maior public health problems



l9605, bave disappeared. Kwashiorkor of the classical land has st 
^ oaalacia , a major cause o f nutritional blindness in children t f l l T  ^  
^  almost disappeared. The decline of these diseases did no. come abom k ^ °S * *  

-rific ‘intervention programmes’ (Reddy e l a/., 1993) ° Ut ecause of

|{ facts about malnutrition and m icronutrient deficiencies in India

ear

gpecib 
Some

A ccord ing  to the Depanmen. o f women and child Development, Ministry of
Human Resource D e v e lo p m e n t ,  1999, 0

> Nearly one-third o f  the w orld’s children sufiering from malnutrition are in India

> Incidence o f m icro n u t r ien t  deficiencies,  nutrit ional anaemia vitamin A and iodine 
deficiencies are  still very  high

> Rate o f  malnutr i t ion is falling m u c h  to o  slowly at only one per cent per yi
> More than ha l f  o f  p re - sc h o o l  chi ldren are s tunted (56 5%) and nearly a similar 

proportion (49  2 % )  are  u n d e r  w eieh i  ( I )N P  Survey. 1995-96)
> One in every' six ch i ld ren  is ex. iw ivelv thin (w as ted)
> Nearly 16 per cent  inl .mts t h a n  6  m onths  and about 43 per cent infants

between six to e leven  m o n th  > itc m alnour ished
r  About 30 per cent  bab ies  a i e  1 birth weiulit babies
y Nutritional anaem ia  a i l e d - .  abou t  ju-r cent o f  young children, adolescent girls 

and women in the r e p r o d u c t iv e  a c e  c ro u p  
^ More than 10 per cent  ol p o pu la t ion ,  in 215 districts ol India is aficcted with

goitre- an iodine deficient  v d isorder  ( loshi, 2002)

Major Deficiency D iseases in India
m/

The major types o f dcfit icticv diseases arc 

Protein E n erg y  M a l n u t r i t i o n  ( P E M )
^ntritionnl A n a e m i a  

3- v Hamin A D e f i c i e n c y  ( V A D )
’ la<l'nf  D e f ic ie n c y  IKmrdrn ( I D D )

B complex D e f i c i e n c y
( t I N I f 'R F ,  10 0 2 )



, protein Energy Malnutrition (PEM)
PEM is a condition where there is a deficiencv „ f„UI protein and c-alorip* *

It 3  clinical s tag es  ra n g in g  f ro m  k w a s h io rk o r  to  m i|d ^  J 8 10

h uke mild growthlation.

Kwashiorkor - 0.04%

Marasmus - 0.07%

(IC M R , 2001)

Aetiology
Diet A diet predominantly deficient in protein leads to kwashiorkor while a diet 

deficient in calories results in marasmus

Role of free radicals a n d  ;ifla in\ ins: In the malnourished children, deficiency of the 

nutrients such as vitamins A, f in i I m the presence of infection or aflatoxin mav 

result in the accumulation ol !'•'•!, ;r • nwgen radicals, and these may damage liver 

cells giving rise to kwa.sluoikor

Infection: Repeated attacks " I  dnnlioea were shown to he responsible lor poor 

growth of children Measles i, the n ilin  n  million infectious disease that occurs during 

childhood Malabsorption o f  miitumi , a n d  metabolic losses during infection can also

aggravate malnutrit ion
Socio prpnom ir  f a c t o r s : f’ l M  is basically a problem of po\crt\. resulting 

inadequate diets, poor cnvironmcnl and high incidence of infections Iault>
A  J

babits arising from ignorance and p r e j u d i c e s ,  superstitions and taboos co 

^powerful social factors that influence nutritional statusP
e •niportnnf socio-economic factors are

^e(junte breast-feeding
0nl>yg1enic living co n d i t io n *  
in i\ * 

°nniental c o n t a m in a t i o n s  
M alnu t r i t ion



^ n a l  p a r a s i t e s  

g £ £ gU S 2 i2 &
fcvrtsbiorkor
^^rasnius
Maraauic Kwashiorkor 
fjutritioiial Dwarfing
[f.Mhiorkor: T h e  th ree  essen t ia l  fea tu res  o f  k w ash io rk o r  are growth failure oedema
and mental changes
Irowth failure may be m a s k e d  by o e d e m a

Qedema. Oedema a p p e a r s  first on  the  feet and legs and later spreads to the whole
body The face looks puffy with sagging cheeks and swollen eyelids

Mental changes like a p a th y  and  irritability are  c o m m o n  features
Anorexia is c o m m o n  in ch i ld ren  n u k i n g  n difficult to feed the child
Diarrhoea is common in children lf mac due to defective digestion and absorption or

because o f  secondary  infect ion
Skin and hair changes The texfun .md v ol.mr of hair changes and it becomes thin, dry 

andean be pulled out easily votlwui > tu-urm pain Changes in colour include brownish 

or reddish discolouration S e a l s  piL'mmiiulmn of the skin is common, and in severe 

oases the epithelium peels nil l e a ' .me behind depigmentcd patches with oozing out 

fluids, which is described as < ra/v pas emenl deimalosis’

Marasmus
It is due to the c o n s u m p t i o n  o l  diets grossly deficient in both protei 

^ n e s  The child looks appalhimk th in with shrivelled body, wrinkled skin and bony 

Prominences Skin and hair changes are infrequent Oedema and fatty infiltration of

’ Prominent signs o f kwashiorkor are absent in marasmus

features of the tw0
This is a combination in varying degrees of the features

C°Qditl0ns E r a s m u s  and  k w a s h i o r k o r  The malnourished children wtStiag,
mara8nius as well as kw ash io rkor They have varying degrees o



25 well as skin and hair changes. This is due t0 lhe vaiyu)g
defidency ^  & r t0 rS  reSp0nSlb 'e  fo r  th e  d - a s e  and absence o f  i n f e c t i ^

^•jional DwarQnUlL
Some ch ild ren  a d a p t  to  p ro lo n g e d  insufficiency o f  food energy and 

a marked re ta rd a t io n  o f  g ro w th ,  w eigh t ,  height etc are both r e d u ^ d  Pr° ' em
i. u , , resembling

children a year or more younger I. has found that malnutrition during preschool years 

^ t s  in stunted growth, which affected the later development of the children (Anand

1994)

2 jVutritional A n a e m ia

Anaemia is defined as the reduction in the haemoglobin level in circulation 

because of inadequate supply o f one or more nutrients (Raman and Sarma. 2003) 

Nutritional anaemia is caused hv the  lack of any dietary factor that is involved in 

haemoglobin synthesis or hv p o o r  a b so rp t io n  of this dietary essential Some anaemias 

are caused by lack o f either diet ir. ir-m pi high quality protein, by lack ofpvndoxinc 

(vitamin B-,) which catalyses the -'.mhe-is nt the haem portion of the haemoglobin 

molecule, by a lack o f vi tam in  ( win:, h influences the rate of iron absorption in to the 

tissues, or by a lack ol vi tamin  I wlm.h ailed-, the stability of the red blood cell 

membrane Children, ndnlcsccrit nn’ md pregnant women are the most vulnerable 

groups 

Prevalence
In India 2 0 -70 ° „  nl ih- pppulaimn aie sulVermg from various degrees of 

anaemia Prevalence of anaemia m ihildion ln«. adolescent gitls 00 7 0 .o, 

expectant mothers8s°0 ,irr mild and modciatclv anaemic and 10 0 aic 

anaemic Anaemia is more common in lemalcs than in males, whic ^

^ 01) A study George cl n/ (2oonj found that the prevalence ol anacmi P 

children in Kerala is I I T o  lhe problem of anaemia is world u*cred

reported that nearly 200 millions o f  preschool children^ *  ^  

^ n i ia  and they had learning disabilities which resulted

performance
A ti ia io ^

Adequate intake and reduced availability



. ^ equate m i l l io n  of iron because of gas.ro intestinal disturbances and 
chrom e in flam m ations.

.  B lood  l o s s e s  d u e  t o  a c c i d e n t a l  h e m o r r h a g e s ,  tu b e r c u lo s i s ,  u lce rs ,  o r  intestinal
disorders, hookworm infestation, etc.
Inadequate absorption can occur in diarrhoea

Sv2UU!!2i5
.  F u n c t io n a l  disturbances Impaired cell mediated immunity, reduced resistance 

to  in f e c t io n ,  increased morbidity and mortality and diminished work

performance
. In more severe  ID A  D efe c t s  arises in the structure and function of the

epithelial t issue - to n g u e ,  nails, m o u th  and stomach, the skin may appear pale, 
inside o f  the low er  eyelid m ay  be light pink

■ Koilonychia Fingernail ' ,  can  b e c o m e  thin and fiat (spoon shaped nails)
■ Mouth A t ro p a th y  o f  the linuual papillae, burning redness and in severe cases 

completely s m o o th  v . a \ v  and glis tening appearance o f  the tongue called
sdossitis. annu lar  s t n m a tu i  d v .p h a s ia  anil gastritis 

• General s y m p to m s  I a -" ' i  1 t . ' l ime. brea th lessness  on exertion. Palpitations.
dizziness, t innitus,  headache d im n c . s  ol visum, insomnia, etc

3.Vitamin A D eficiency (V AD)
i >ntlv seen in prc-school children It Vitamin A deb t  mm \ r. n im e  pievalcntls  s u n  in j

affect1? many t i s s u e s  in t h e  b n d v  tb'* mi>, i  i l i a m a t ic  c h a n g e .
tv life (Yiiavaraghavan*

suiting in tragic c<anscf|uoiK r • " I  6»ial l"s i> ol vision in 

980)

Ircvalenrp
children ^6 years

s spots - 0 70 °  n

%t blindness - <> 71%
pennant

blindness - 2 76%
(IC M R . 200 1)



Inadequate dietary intake o f vitamin A or its precursor rn
.. • . , r • ( earotene)[aadequate dietary- in ta k e  o f  v i tam in  A  -by m o th e r  durinp „

, c . ® Pregnancv.
a d eq u a te  intake o f  vitamin A nch food during weaning period
High cost o f  animal fo o d s  like egg. milk and liver - lea r t»

. ... , . lead 10 ^ m i n  deficien
Infections like m easles ,  d .a r rh o ea ,  respiratory tract infections etc
u c k  Of aw areness - diarrhoea control, immunization, vitamin A
supplementation and  other health services 

Cvmptoins
s a s - f e l i a s l s s s -  N i g h t  b l indness  is an early sym ptom  o f  vitamin A deficiency In 
VAD die individual c a n n o t  see  ob jec ts  in dim light In vitamin A deficiency the 
f o r m a t i o n  o f  rhodopsin  is im pa i red  giving rise to night blindness
Conjunctival .xerosis  T h e  conjunctiva is dry. th ickened  wrinkled and pigmented due 
to keratmisation o f  the cpiilieli.il ..ells Hie p igmenta tion gives the conjunctiva a 
smoky appearance
Bitot s spots ft is n m re  an i*\ *• 1 1 -;< • i- n |  xerotic  process Grevish elistenine white 
plaques formed ot d e s q u a m a t e d  '! ■ !• n- I um iu n c t iv a l  epithelium, usuallv triangular 
in shape and firmly ad h e r ing  in »h> i nnii inciiva
Comeal_ xerosis W h en  d r . n r  . pt. id .  in coine.i,  there is . 1 dull hazv lusterless 
appearance This is d u e  f( , | | M- h - i a im i  .aiion o f  the epithelial tissue covering the
:ornea
^StqmaJacia X eros is  ,,f i|,.» * .*n|nn* n*.a ami lo m c . i  ma\ lead to keratomalaaa In 
Ws condition sof ten ing  anrl dms.,!. ,!. . ., ,  , ,| the cornea  occurs The perforation of the 
° rnea êads to p rn lep sc s  of the ins. ex t rus ion  of the lens and infection t f  •
^C*)aH ,ln^ af last it leads  to to ta l  b l indness
'••ODINF, D E F I C I E N C Y  D I S O R D E R S  (ID D )

I and develop**01 ®
Iodine is an essen t ia l  mic ro n u tn e n f  for normal grov ft*

nl^1a,', anr| hum ans  Its d e f ic iency  not  onlv  causes  goiter, hut also i ^
npajred brain d e v e lo p m e n t  m the  foe tus  and infant and re ta rd ed  p

^ o t o r  d ev e lo p m en t  in the  t hild



Children 6-<l2 years
Goitre present -4 .78%
Grade I Goitre - 4.66%
Grade II Goitre -0 .12%
Deaf-mutism/Cretinism - 0  18%

a of Goitre
(ICMR, 2001)

  •

-\etioio]
^ ^ p g i g n t a L fac t o rs

(a) E n y im n m !^ ^  1T* n c y T h e  food c rops  g row n  on iodine-deficient soils
will naturally be deficient  in iodine  and peop le  subsisting solely on these foods will 
run the risk o f  deve lop ing  1DD
(b) fmitroyens in _food C er ta in  chemical  substances  such as thiocyanates. thio- 
oxazolidone, flavanoids. d isu lp ludcs .  phenols ,  phthalatcs,  biphenyls and lithium which 
are found in env ironm ent  a rc  called as g o i t ro g en s  P.vcn excess o f  iodine is known to 
act as goitrogen
Intrinsic factors S o m e  o f  the  intrm fn  fnrs such as failure to synthesis the thyroid 
hormone due to inheri ted  and i ■ nit il de tec ts  in the hormone synthesis and 
secretion and peripheral  re s i s ta n c e  >" dr. um l  ho rm on e  can also result in goitre
The spectrum o f  11)1)

Depending on  the . 1 ir*■ id deve lopm ent ,  the iodine deficiency leads to
vanety of disorder, w h u  h  a r e

Foetus \  h i »111 m n s
Stillhn ills
f imgrmtal anomalies 
Inc reascd prenatal mortality 
Increased infant mortality 
Neurological cretinism 
M vxocdcm afous cretinism 
Psychom otor defects 

Ne"ni"  Neonatal
Neonatal chemical h\p<’lhVri’ldl,nl



c h a d * * 3®1
: GoitxeAdolescent5

Juv enile hypothyroidism 
Impaired mental function 
Retarded physical development

AduJt G o it re  its complications
Hypothyroidism  

Impaired mental functions 

^  Is defined as the non-neoplastic, non-inflammatory and non-toxic enlargement 

of thyroid gland A  thyroid gland whose lobes have a volume greater than the terminal 

pharynx of thumb o f the subject examined will be considered goitrous The prevalence

of itoiter is generally seen more among adolescents, young adults and schoolaee 
—

children More females are a f f e c t e d  t h a n  m a l e s

Cretinism: Endemic cretinism i a .> i tied with severe iodine deficiency during 

intrauterine life A  wide ranee ot d i- m such as mental deficiency, deaf-mutism and 

spastic paralysis of legs m v a iv n ie d- ' " v ,  ue associated with this condition 

Clinically two types o f cretinism 10 !■ n.iwn

(1) Neurological cretinism Seven- menial ie l.ircl.ition. deal-mutisni. squint and spastic 

diplegoia-spa.stic rigirlily a l t e c f m e  t h e  l o w e i  limlvs leading to characteristic gait and 

brisk reflexes are the manih- .1 at i o n  . • it n e i i i o l u g i c . i l  ct clintstii

(2) Myxoedematous cretinism Ilie .e  tieim s exhibit signs of Hspothy

coarse dry skin, swollen forumm d,-ep lionise voice. apath\ and ^

Associated skeletal growth retardation, weak abdominal muscle, sluggish

factions and delayed tendon reflexes arc present in this conditu t
IT . 1  Iiuckv voice, delavea
-dtBoihvroirliinr [f )S characterized bv coarse and c rv s in.

' 'nd0n reflexes areas shows
^tfeaaio[or Dcforla: f lu id  p o p u la t io n  from iodine- e rere

"i 10 tesH, impaired school performance and poor motor coor .



jgjguJJanctioo: Population residing i„ iodine-defici 
reduced menial function. low intelligence levels and hi " j  ^  unU9a% 

^ t e d  in lack of initiative and decision making capacity of the °f '* * * '
5 B  C o m p l e x  Deficiency

Most ot B -com p le\ vitamins are prosthetic erouns fok ouPs lor enzyme of btolotncl
importance The B-comp.e* v itam in s  u h t c h  are  w ater-soluble  are eastlv excreted 
d0 not Have ad eq u a te  s to re s  in th e  b o d y  Deficiencies o f  single B -vtim m s ^  
rejatjvd y  rare, while m ultip le  def ic ienc ies  o f ten  occu r  S ^

AetiolQI
The major aeiiological fac to rs  to r  B - c o m p l e \  vitamins deficiencies are
1) Inadequate intake 

. Poverty
- Faulty cooking hahiis
- Losses due  to s to r a g e  pr- _e. '
- BioavajJabihtv p rob lem

2) Impaired absorption
- Chronic d ia r rhoea
- Malabsorption v ,r  Jr.- • • •

3) Metabolic function

- Genetic abnormal.t , < hd •• • -

- Metabolic stress

Dmg - induced ant • • *? 

increased u n n a r ,  r~*r r^o- •

Increased rerjutremonts 

^Depleted stores

Poor nutritional statu* of

^g-induc^d drplrt ion

l! >1 characterized hv orolrmtuil toem*0,n^ e,<
0 0



Orolingual manifestations include soreness of ton
^  and tongue. The lesions at the angles of mouth are tem, ^  '"““ "S of^  . iermed as aneular ^^  lesions may progress to small cracks producing fissures Md ^  

wbinsh or yellow crusts The tongue is inflammated called g l o s s i t i s T ^  *  
^arance of the lips with superficial ulcers termed, as cheilosis is present ^  ChaPPe<i 

a n d  vitam in B ,2 deficiency
Both folic acid  and vitam in  B,3 are  involved in the synthesis of nucleic acid 

ud  amino acids Folic acid  def ic iency  in p ro g ress  lead ,o megaloblastic anae™
Vhamin B,: deficiency c o m m o n ly  m anifes ts  as pernicious anaemia w h i r l ,  • "■ w,||cn is genetic

nature and o cc u rs  d u e  lo def ic iency  o f  intrinsic factor in the gastric secretion In 
adults, vitamin B,: d efic iency  m ay  result in neurological manifestations are periphery
neuritis, mental apa thy  and p sychos is
Causes and  consequences of M a lnu trition  in India

Malnutrit ion resu l t s  f rom  a com bina t ion  o f  three key factors inadequate 
food intake, illness and  deleter  c m , caring practices In India, household food 
insecurity stems from inudeqiMic < m ph 'vn ien t  and incomes seasonal mieration. 
especially among the tribal pn p u l  in i. lelativelv high lood prices, geographic and 
seasonal mal-disfrihutmn <•( (mid j. , ,i social organization, and large family size 
(Edmund,son, 1002)

A major d e te rm in a n t  "I jwnlem ene igv  m.diuitntion is household caloric 
inadequacy A ccord ing  fn V iI i m m I S .iuqde Smvev m l ‘J‘H-'M. the poorest 30 per cent 
nf India s populat ion c o n s u m e d  on  ,m ave iage ,  lewei than I 700 calorics per day At 
ower levels of caloric  in take ,  j i m p l r  . im p k  do  not survive lor long

While p o v e r ty  large ly  explain* the high level o f  malnutrition in India.
aMtional factors a re  r e s p o n s ib le  for ilie concen tra t ion  o f  the problem among n o  
Md U c k  „ r  l nf( , a nd ed n ca . io n  am ong women also underlie.* child

^"our ishm ent  M a ln u t r i t io n  d i rec t ly  or  indirectly responsible for more than
*  d' " ' hs  ......   u n d e r  < yea rs  o f  a g e  w or ldw ide  While India has succe*
;r° " gh( mfanl m<lrta||,v ta|c from per 1000 live h.rtha m !«■ ^

9%' "*■ n f  the ch i ld ren  w h o  su rv ive  a re  ma.nouriahed mat
10 ° r 1:0 Per 100,1100 live b m l i s  is u n a cc ep ta b ly  high ('< M R ’



sdg^ s m t im :  O ro lingua l  m anifesta tions include soreness o f  lomme -
T h .  w

mav p ro g ress  to  sm a crark-c „ nauus
— — .»wu as  a
f l *  lesions may progress to small cracks producing fissures ^  afe 

whitisb or yellow crusts The tongue is inflammated called glossitis Drv h a 

appearance of the lips with superficial ulcers termed, as cheilosis is present. ’ '  ^  
p j j r «r\(\ and vitam in B n  deficiency

Both folic acid and vitamin B ,: are involved in the synthesis o f  nucieic acids 
ammo acids Folic acid deficiency in progress lead ,o megaloblastic anaema 

Vitamin B,: deficiency c o m m o n ly  manifests as pernicious anaemia, which is genetic 
in nature and o cc u rs  d u e  to deficiency o f  intrinsic factor in the gastric secretion In 
adults, vitamin B |: defic iency may result in neurological manifestations are peripheral 
neuritis, mental apa thy  and p s y c h o s i s  

Causes an d  c o n s e q u e n c e s  o f  M a l n u t r i t i o n  in Ind ia
Malnutr i t ion results  fm m  a combination o f  three kev factors inadequate 

fond intake, illness and (I<• 1 v?*• r 1 •tiis caring practices In India, household food 
msecuntv stems from m adem i employment and incomes seasonal migration.

> I f .  w .

especially a m o n g  t h e  l n h a l  p m m '  in, m-. rcl . i t i \ c l v  high fo o d  prices,  geographic  and 

seasonal mal-dr.Trihuti« >n o i  t. i< .-I p o m  so c ia l  o r g a n iz a t io n ,  and large lanuK size 

(Fdm nndson 11 > >2)
\  ma |or  d'-t'-i nun ant o| p iote tn  energy iii.ilnul i it ii>n is household calouc

inadequacy A rc o rd u m  I-. '  m l  Sample  S i in cc  n. l " " ! - ‘M, Ihc poorest W per cent
of India's popula t ion    I ..n . 1 1 1  . n o . i i ' c .  I'ewri Ilian 1 7im calorics per ilav At

lower levels of calorn im d n. people .unph do 110I m i u i v c Ioi long

While p o v e r ty  l . - m l v  e Mdams ihc Imdr level o f  malnutrition m India.
additional f a c t o r s  a r e  r e s p o n s i b l e  for  th e  t o n c e n t r a t i o n  o f  the prob lem  an .  ^

Md children I a» k o f information and e d u c a t i o n  a m o n g  w o m e n  nl.
i i o  fm more  than halt oi  

Hialnourisliment M a l m i t r i l i o n  d i r e c t K  nr ind irec t ly  r e s p o n s e  _
•he deaths o f  chi ldren u n d e r  S vcars  o f  age worldwide While India ^  ^
brnil8l'l down ml.ml m o r ta l , l \  ra le  from I P  pel 100<> live hirlhs m '

     —  -  .........
r*tioo| -120 per l<)() n o n  live bir ths  is un .ucep tah lv  high (H



High level* o f  anaemia, low  pregnancy weight 
injections, major chronic diseases, such as tuberculosis and'inappr™ ,^ 
d  deliveries and important determinants o f  maternal and ,nfam
proportion o f  adult Indian wom en is a, high risk o f  maternal mortality because T
low pre-pregnanc>' height or weight may cause obstetrica] difficulties Ana u *  . >|| .1 i ‘ I - * Ana when a
malnourished or ill mother gives birth to a low birth-weight baby.

M alnutrition  n o t  on ly  b lights  the  lives o f  individuals and families, but also 
reduces the re turns on  th e  inves tm en t in educa tion  and acts as a major barrier to sodtd 
and economic p ro g re ss  A n y  defic iency  during  this period o f  rapid growth I d  
development caused  i r rep a rab le  d a m a g e  to  the child and no subsequent attention may 
make up the loss Im p ro p e r  d ev e lo p m en t  results in stunted physical growth and 
development, w hich  lead to g enera l ized  functional disability, diminished productivity 
and inability to  c o p e  w ith  env irnnm en i hazards including resistance to infection
(Harm, \W2) G o o d  nu tr i t ion  ensu red  p ro tec t ion  while poor nutrition increased 
susceptibility to infections
Effect of m a ln u tr i t io n
1. Direct effect
Deficiency o f  im portan t  nu tr ien ts  will cau-w

* Protein energy  malm it r ilmn t PI M)
■ Hypovitaminosis  A
* Anaemia

* Goitre and cretinism

2. Indirect effect
Malnutrition and infection intera< lion 

'  Low birth weight babies 1 his is due to the decrease in BMI status of expectant
mothers

High rate o f  child m or ta l i ty  
High rate o f  m a te rna l  m or ta l i ty

1,Th'  over all rlTcct

Mortality and morbidity is high



Reduced capacity for physical work 
Reduced mental efficiency

( Bigh mortality and morbidity
Mortality and morbidity rate is high due to infectious rf'

■ j-«k- * * leases like Measlpc
polio, whooping cough, Dtphthena, Tetanus. Tuberculosis, Diarrhoea and
respiratory infections.

■ Poverty
■ L ack  o f i m m u n i z a t i o n

■ Low literacy level
■ Lack o f  m edical facilities

2. Reduced capacity for physical work
Malnutrition reduces the health o f the population by it the capacity for 

physical work is also reduced

3. Reduced mental function
Malnourishment can <11 '< ■ -lumlicantly lower cognitive development and

learning achievement during flie p i1 1.... 1 ,md school years and subsequently results

in low mental performance \t < • >r lm ' pi the present stage of knowledge it appears 

that in children who had a seveir I * I M there is incomplete restoration of functional 

capacities ol brain in spite <>! tin- mirnm.e therapv resulting in apparent clinical case 

Prevention of Malnutrition in India
Malnutrition is still a widcspiead health problem in India Millions of 

children are still victims n| jimtrm rnrigv malnutrition and lack of certain 

Tucronutrients. namely, iron, mdmr and vitamin \ m their diets High Infant Mortality

U,e OMR), h,gh levels ,,f mnrhid.lv. nutrition related diseases temporary or 

reversible disabilities and low productivity are some of the outcomes of malnutrition. 

e^ects of malnutrition arc particularly evident among the vary >oung

Pcc,ant and nursing m others ( Devadns. 1001) by 11
Diet surveys carried out in India have shown that the  ̂ quantity

**• rtiajority o f  the vulnerable groups o f  the population arc madequ* 1 ^  pj||
11(1 qual,ty A fair section o f  the population does not gel »

^ 'r i l i o n  and malnutrition are widely prevalent among the low'""0



fQ2 d r e a a i C f f i a ! a : ^  m 05t Urgent neCeSS,ty is 0 ,6  incre* ^  production o f  cereals 
help to  p re v e n t  u n d e m u t n n o n  a m o n g  th e  low-incom e groups. Because « is 

^ c u l t  to p ro d u ce  a d e q u a te  a m o u n t  o f  milk, m eat and eggs due to low pereapu, land 
^ i l i t y ,  a t tem p ts  sh o u ld  b e  m a d e  to  increase  the  production o f  cereals, pulses 
groundnut and g reen  leafy v e g e ta b le s
£ a B g a U L E oE ., l a t i o n  g r o w t h :  P o p u la t io n  in India is rapidly growing at the rate of 
2  5 % per annum. I f  the  p o p u la t io n  increase  is not controlled, it will be difficult to 
provide adequate  a m o u n t s  o f  ev en  cerea ls  to  the people So it is also leads to
malnutrition
f t ) | t r ;* ;n n  e d u c a t io n  E d u c a t io n  on  the nutri t ive value o f  the locally available foods 
like cereals, pulses and leafy veg e tab les  and formulation o f  low cost balanced diet 
based on cereals, pulses,  nu ts  and  g reen  leafy vegetables for feeding the vulnerable
IffOUpS
Increased i n c o m e : In a d e q u a te  incom e  is ano ther  important cause for the prevalence 
of malnutrition S teps  shou ld  he t d rn  to increase the wages and to supply the essential 
foods at controlled ra tes  to the h >M ini • -one g ro u ps  as a part of the wages 
Improvement o f  s a n i t a t i o n : in  . f t  e .  due  to infection and infestations by 
microorganisms and p a r a s i t e > .ue u n p i ' i t an t  factors involved in the causation of 
malnutrition T h e re  fore  it is essential  to improve  the hygienic and sanitary conditions

of the surroundings in the locali ty
Encouraging k i t c h e n  g a r d e n s  a n d  p o u l t ry  f a rm  in ill Pioduction of protecti 
such as green leafv v e g e ta b le  , and eggs  can he stepped up by encouraging kitcho /  r* ,  i v  j -

gardens and poultry  units  on  a < o t t a g e  st ale I his will help to provide | 
to the family A part  o f  the p r o d u c e  t a n  he sold, thus providing additiona

fre lamily (S w am in a th a n ,  I r>8fS)
Nutrition P r o g r a m m e s  in I n d i a  directly to

o f  food and nutrient 
Nutrition interventions aimed at provisi families strategy

P'nP'e who are at risk o f developing malnutrition cons,^ ‘ ^  The
Pursued by ihe health and social welfare sectors in many ^ fic1t,nt/mis<ing nulriwl 

U"d' r living principle o f this approach is to supply 

e,ll,cr through food which is habitually c o n s u m e d  (food



^  r . ™  ( !» Pp i , „ „ „ ion) „  , w i

^  „  * * *  ^ , „  o r

“  ”  0 , ' r ' n,l>' ' "  “ h»  - f i  «  . « M  piogtammts, "
a part of health and welfare se m c e s  (integrated programme)(NTN, 2000)
The programmes
Two specific kinds o f  p ro g ra m m e s  
1) Food supply and su p p le m e n ta t io n  p ro g ram m e s

Supplementary  feed ing  p ro g r a m m e  (SFP)
-> Mid-day Meal P r o g r a m m e  ( M D M )

Public d is tr ibution sy s tem  ( P D S )
Food for work programme (f:R V )

2) Vitamins and mineral  su p p le m e n ta t io n  p ro g ra m m e
l)Food supply and supplem entation programmes
Supplementary feeding p r o g r a m m e s  o r  spec ia l  nutrition p ro g ra m m e  (SNP)

The Government <>l I' lit m |'»7(i.7| initiated a supplemental feeding 

programme for preschool children m hfteient state Initially, the programme included 

only preschool children as h<-n* lu i n ie> hut subsequently it included pregnant and 

lactating women fhis is a rc.ulv-in r i i  litod supplementation programme The results 

of two carefully conducted studio ■ Ini mod the scientific base ol this programme

i) Food intake studies undeii.dru as pail ol a comprehensive nutrition survey 

Preschool children (l-s  years) . ..nducled by N IN . showed for the first time that the 

d'ets of preschool children arc primarily deficient in energy content and not protein as 

hitherto believed and that the extent of deficit is of the order of about 300 k
cal/child/day } j
“) Based on this finding, a lo n g - te rm  feeding trial involving about 10 ^
children, living in vi l lages w e r e  g iven food supplements  provid g
^  and 1  g p ro te in  per  C hilds six days  in a w eek for 14 m° nth in the diets

^ r e s u l t s  o f  tins s tudy  d e m o n s t r a te d  that m aking good  - . / ^ a s m u s
nf » „ Kwashierkou"

Preschool c h i l d r e n  had  not  only  p r e v e n t e d  o c c u r r e n c



u i  giuv>Lu i d d j  uauon,^  severe degree
iarable to those seen in children o f  well-to do communities

piomoted their growth at rates
cotnp

The p ro g ra m m e  is sponsored  by the ministry o f  Human Resource 
Development and im plem ented  by the Department  o f  W omen and child welfare. The 
population o f  u rb an  slums, tribal areas and drought prone rural regions are covered on 
a priority basis T h e  em phasis  in the programme, is on making use o f  locally available 
inexpensive foods  like cereal / millet and pulse mixes to keep the programme 
overheads to the m in imum  and also to achieve a high degree o f  programme
acceptance.

This S N P  has n o w  been integrated to the ongoing 1CDS programme and is 
delivered as a part o f  p ack ag e  o f  primary health care education services.

Recipients Calorics
ii

---------------------- ------------ — - — J

Grams of 
Protein

---
Children up to 6 
Years

300 8-10

Adolescent Girls 500

%
20-25

a

Pregnant and 
nursing mothers

500

1

20-25

1 _ __

2 )Mid-day Meal Program m e (IMDM) ,
Under applied nutrition programmes (AND ), which floun.h  ̂ ^

' 960s and 1070s. the M D M  programme received great impetus T i e  M
I providing B truru u j 

principle, envisages supplying on supplementary mea ^  p ro g ra m m e comes
calorie requirement and W / „ nf protein needs of the c i ^  Sfhoo| Heath
under Ministry of Mducation On the r e c o m m e n d a t i o n  of . jjno mid-day meal to Hpitic for proviomg
Committee, the G o v e rn m e n t  ol India s larte  a sc  ̂ The meals are £’ven ar*
■■Bool children is all s ta te  w ith  effects from P  Augu



based on a combination o f  cereals, pulses and leafy’ vegetables. Eees are •. —&*• are given once a
such diet would increase the amount o f  vitamins and minerals as result
gain and clearance o f  deficiency symptoms. m

pnfT/i Fnr W ork (F R Y ) Programm e
Food  for w o r k  (F F W )  program m e,  subsequently designated as National 

Rural Employm ent  P r o g r a m m e  (N R E P ) ,  and Jawahar  Rojgan Yojana (JRY) are 
important T he  p u rp o se  o f  this a p p roach  is to provide firstly, the work to rural 
unskilled labour dur ing  lean agricultural  period and secondly, to supply food grains as 
part o f  wage U nder  this p ro g r a m m e  special type o f  works  like construction o f  roads, 
school build ings .d ispensar ies .excavat ion  o f  w ater  tanks,reservoirs,canals etc.
The programme did help in creat ing several million mandays o f  work but the 
drawbacks, which included

Lack o f  manageria l  support  to plan suitable works and supervise their 
implementation
High cos ts  of the p r o j e c t s

F req u en t  i n t e r r u p t i o n  • in • uppF. ol fo n d  gra ins

Inferior q u a l i t y  ol l o t nl m a i n  .
There are resulted in u n d u e  d'-l.iv m c<mipleling the works
4) Public D i s t r i b u t i o n  S y s t e m  (P I )S )

•v

The Public D iM nhuiion  System is the ma|or food-subsidy/income transfer 
programme in the co u n try ,  adminis t ra ted  by the ministry o f  Food and Agriculture It is 
another approach  to meet  th r  basic lood (nu tncnts)  needs o f  the poor th gh 
network o f  Fair Price Shops (I PS) I lie commodit ies  given by this programme

wheat, rice, sugar and kerosene r . • ,
It has been inadequately targeted, with a larger number^ ^  ^  ^

actually coming from n o n - p o o r  h o u se  holds In poorer  states, 11C>' ^  ^
share o f  supplies f rom  P D S  mainly because  o f  a weak administra
inability (q m ove  (he food  s tock s



v t t a M I N  a n d  m i n e r a l  s u p p l e m e n t a t i o n  p r o g r a n
,) The National Vitamin A Prophylaxis Programme ’

Initiated by the Government o f  India in 1970 jn .iv
aCh presch001 childf I-3 years) recedes a massive dose o f  200,000 IU o f  vitamin A prepared in oil and 

administered orally once in every six months for preventing the vitamin A deficienc
disorders

The programme is operated through the existing health and 1CDS 

infrastructure by auxiliary nurse midwivcs (A N M s) and Anganwadi workers 

(AWWs)
This p ro g ra m m e  is cover ing  a total o f  about  30 million children

2 ) Alternat ive  A p p r o a c h e s  fo r  D e l iv e r in g  V i t a m in  A 
Universal P r o g r a m m e  o f  I m m u n i z a t i o n  ( I P I )

Linkage with expan-le  I p m g r a m m c  o f  immunization and horticultural 
development

Vitamin A with the u \p .m d '-  I p u m ru m m e  o f  immunization now being called 
as Universal P ro g ra m m e  of I m m u n i / i i n  >n < I P I )
The first d o s e  - 100 000 II ni  M i .m m i  \  - in fants  a l o n g  w i th  m e a s le s  vaccination  

Second d o s e  - 2 0 0 , 0 0 0  II .u IS m o n t h s  a g e  a l o n g  w i th  b o o s t e r
This linked a p p ro a c h  has been ci i t ic i /ed  on apprehension that this may 

perpetuate con t inued  reliant r  on synthetic vitamin A as an integral part of 
immunization schedu le  and deir .u  i I he people  Itom consumption of vitamin 
foods particularly c a ro te n e  r u b  fonts ,  vegetables  etc The only ' vaY 1° Pre

tiile
m°unt an appropriate nutrition health education programme particularly  wo 

delivering a host o f other M C I I and f a m i ly  w e l f a r e  services Every con tac t  is 

°PPortunitv for the worker to carry the message home H o r t ic u l tu re ^  ^ ^  ^

Prograntntes by the agricultural extension workers are enctu g S ir1jrultural
i i nfTnrts find noni® 

Mrmene - rich foods A nutrition orientation to horticult ^  gbjecliv© of

S t a t io n  to health /nutritional measures is essential
l e a s i n g  vitamin A in take  o f  chi ldren th rough  dietaries



3) National Nutritional A naem ia Prophylaxis Programme (NNAPP)
G overnm en t o f  India  launched  this program m e in 1 9 7 0  Und

^ g r a m m e ,  w o m e n  (p reg n an t ,  lac ta t ing  and  family planning acceptors) receive L i t  
which contain 60 m g  o f  e lem enta l  iron and 500 p g  o f  folic acid per table. (f0 |ifer) 
while the children u n d e r  1 2  years  rece ive  tablets containing 2 0  mg o f  iron and 1 0 0  Mg 
0f folic acid per tablet for very  y o u n g  children, w ho  cannot swallow tablets liquid 
preparations are p re fe rred  1  he d istr ibution  is undertaken  by the in fracture provided at 
primary health centres , sub-centres, M C I I centres and ICDS ancanwadis’
National Iodine Deficiency Disorder Control Programme (NIDDCP)

Studies conducted by All India Institute of Medical Sciences (AIIMS) 

showed that iodized salt distribution drastically reduces the goitre prevalence, the 

Government of India, initiated the National Goitre Control Programme (NGCP) in

1962
Objectives of these programmes an-

To identify and as,r.> 'h- pn-.alence ol goitre in suspected areas through 

systematic surveys

To prevent and cnntiol "nitre tluoiiL'h production and supply of iodised salt in 

place of common salt in endemic areas

To assess the impa. t m the pnu-iamme by undertaking reserve of the areas

after years of ( out muons supply ol iodised salt 

The programme has now hern rede aimed as National Iodine Deficient Dh

Control Programme (N il> IH  [’ )
A review o f  ihc .0  voar o h ,  gramme. undertaken hy nutrition foundation

of* India fN F I) m IW H  cimuesicd that the problem of goitre is not o .
Hue to  operational

widespread and its severity is more intense Ihc fathitc was m r nutrition
as seen in Diner nun

administrative re a s o n s  than the technology M a m  issues, ^  ^  match the

*c,'on p rogram m e, w e re  non-nvmlnhililv  o f  the basic 1 enforcement ofet factor, wew  Virem ent In addition, ,|,e transport rl.nicultics. cos • of qutiHy-
WWtions o f p f a  m respect o f  iodised salt, lack o f sup*rA  |(W4) 
con|rol mensurAD ...............  ,i,e failure o f the p r o g r a m m e  ( «■



NeW inhiaove: Realising the senous dimension of the problem the Governm 
^  baa taken new initiatives. en> of
a) iodiaation o f  the entire salt used for human consumption in the country (Univ 
[odjzation). The programme was included in the 7* five-year plan with an on”  
p _ g  210 millions
b) Liberation o f  the p ro d u c t io n  o f  iodized salt (was  the basic constraint in the 
programme) by giving pe rm iss ion  to pr ivate  sectors  to produce it and subsidizing the 
cost of  production by p rov id ing  financial assistance for setting up the plants
c) High priority B ’ for a l loca t ion  o f  Railway (covered)  wagons to transport iodised 
salt
d) Free technical ass is tance  by the salt depar tment  for installation o f  plants and 
training o f  opera t ions /  technic ians  mi quality control

As a result o f  this. t h e  i o d i / e d  salt production, which was almost static 
Organisational changes  have  b e e n  a f f e c t e d  to ensure nation-wide monitoring system to 
carry out quality con tro l  <>l the p r . . IulI at manufacturing, storage and consumption 
levels to ensure that the salt . m r  it least I  ̂ ppm o f  Iodine at consumer level 
Organization In the con ten t  "I I D D  c o n t r o l  program m e the ministry o f  Health and 
family welfare i s  the p n lu v  m . i l -  i n "  h o d v  ol the Government ol India The salt 
Department under  the Mims! 17 o l  I n d u s t i v  i s  specified as nodal agencv lor monitoring 
production, d istr ibution, f | u a l i t v  ' o n i m l  and subsidy pavment to the iodised salt 
manufactures The D i re c to ra te  Dm.-ra l  ol Health Services (IXiHS) under the Ministry 
of Health and Family w el l , i r e  is r e  .pun-able loi co-ordinating with the state le\el 
The State G o v e rn m e n ts  are responsib le  lot the distribution o f  the iodised salt within 

state either th ro u g h  publi< distr ibution system or through open mar e ^  
Director o f  Civil Supp l ies  of  each  sta te  issues notification-banning sale o f  non 1 0

for edible p u rp o s e  in the go i t re  endemic  areas 
'■Megrated C hild Development Services (K DS) Programme^^^  ̂ ^ implcnmnietl 

l h e  p r o g r a m m e  s ta r ted  on 2"'1 O c tob e r  0 7 5  by I  ^  co-
^  lhe department  o f  w o m e n  and child d ev e lop m en t ^  epher hy the
“^ n a t i o n  with ministry  ot health  In the state level implemc



d e p a r t m e n t  o f  social welfare/ women and child development healrh 
^ o n t t e  o f  ICDS. 0f a separate
The specific objectives: 
a To improve the nutritional and health status o f children

years and adolescents. agC group of ° '6J
jj Lay the foundation for proper psychological, physical and social a ,, I ' ’ soc,al development of

the child

Id) R e d u c e  t h e  i n c i d e n c e  o f  m o r t a l i t y ,  m o r b id i t y ,  m a ln u t r i t i o n  and  schoo l  d ro p  out
iy) Achieve effect ive  c o -o rd in a t io n  o f  policy and implementation amongT the 

various d ep a r tm e n ts  o f  p r o m o te  child development
V, Enhance the capabil i ty  o f  the m o th e r  to look afler the health and nutritional needs 

o f  the child th ro u g h  p ro p e r  nutri t ion and health education (Sarma, 1993) 
Components o f  s e rv ic e  n c t i \  it ies o f  IC’DS

The p ack ag es  ot service',  are the important  component o f  this programme 
The tocai point ot the c m iv e n ’cnee  id these services is the ‘anganwadi'  (AW) a 
preschool child centre ,  loca ted  wiimu the urban slum or \illaue Each centre is 
managed by a lady w orker  > allc I m r  nuvadi w o rk e r s ’ (AWW ) is variably assisted bv 
another lady helper I lie s e r .  lee nit hide
1) Supplement a ry nutrition

This is o n e  ol ihe m a p a  * •»m p i»ner 1 1 s ol I( ' I)S C ereals and pulses from 
essential ingredients are < on!  rd  mtn  ,i lecipe. which can he sailv or sweet preparation 
In some states a rcarlv to  eat .n o k ■ nniaii imu some basic ingredients is produced 300 
M  of  energy and I 3 g nt p r u i r m  a m  supplied to children through ICDS Double the 

supplement is p ro v id e d  fr> the sevcte lv  malnourished children
2) Im m uniza t ion

Eaunched m 1978 All infants in the project area are immunized ag« 
®foctious disease such as tuberculos is ,  diphtheria, whooping cough, tclan 
,0,iomyelitis M eas le s  vacc in a t io n  also provided All pregnant women are inumi
lgain*t tetanus



„ Beal* <*«* °P trea,ment of minor Aments and referral services
At the anganwadi, children, adolescent ark

5^*0 ana pregnant and I
a o ^ s  are examined and treated by the local visiting health personnel 
-at* Health Visitor (L H V , and Health Assistant and multi purpose Wor J  

provide link between the Village and Primary Health Centre and sub-centres.
4) Growth m onitoring

It is d o n e  with  the help o f  special g row th  chans.  From these charts 
nutritional status o f  each  individual can  be assessed periodically
5) Non-formal educational activities

The main p u rp o s e  o f  the preschool  education component, particularly for 
those between -> and 5 vea rs  is to  s t imula te  and satisfy the curiosity o f  the child rather 
than follow any rigid learning curr icu lum  (Rao.  1996)
6) Vitamin A prophylaxis program m e

Every child will get an ora l  d o s e  o f  2 .00.000 IU o f  vitamin A every six 
months through this p ro g ra m m e  
Extended scope o f  I C P S

According  to r e c e n t  mi uniMmi l im n the Department o f  Women and Child 
Development ( D W C D ) ,  the in i r t o n e  im e  n |  the ICDS is now being used to introduce 
viewer interventions meant  t< u d f .  c lopm enl  o f  adolescent girls 
National D ia r rh  o ra l  C o n t r o l  P r o g r a m m e

Launched on l f»X I in i r d m  e m m ial i iv  m under live due to diarrhoea through 
(he introduction o f  Oral  Rrl ivd iu t ion  I'herapv ( O K I )  ORT based on the 
administration o f  co r rec t  <tr.il H unk  while allowing food intake, provides a b 

(ter and electrolyte r ep lacem en t  at low cos! and saves lives 
[jonal Vector Borne D isease C ontrol Programme

Malaria has been  a m ajo r  health problem in India Major )
II this disease

e due to p l a s m o d m m  fa lc iparam and P vivax l o r  contrc g j programme 
ernment o f  India l a u n c h e d  a p ro g ra m m e  - National Main"" 1 e f ontrol
4CP) in 1951 and  n is re n a m e d  as National vector Borne 
gramme in 2001



vitamin A deficiency and anapmio
flje role of the Ministry of Food Government of India

The food and nutrition B oard  o f the Department of Food Under, 

basic projects to improve the nutritional status of the people. "  th" *

1) Nutrition education
t) Development and p r o m o t io n  ot nutr i t ious  food and
3) Fortification and enr ichm ent  o f  foods

I, To impart nutrition e d u ca t io n  and training, an important tool for nutrition 

promotion, the Department has, in co l labora t ion  with State Governments

4  Set UP mobilc  f0l,d and nillri,ion extension units (NEUs, with audio-visual 
aids and tra ined personnel  to organise  live demonstrations o f  various aspects 
o f  food and health  in all par ts  o f  the country

-> Established food and nutrition extension centres (FNECs) to encourage
people to p rese rve  tu rn s  and  vegetables  within the home, particularly during 
the glut season

Launched an mtegi.iird miinimn education scheme to equip grass root 

workers at all lex els with I m-w ledge ol food, nutrition and health, so that this 

is disseminated to lhe enmmunifv

Celebrated nation.il nulMUnii w e e k s  to intensify nutrition awareness among 

the masses

Established fond pm ir.'.m g and nutrition centres to provide

d e m o n s t r a t i o n  t r a i n i n g  o n  (l ie p r e s e i  v a l i o n  o l  f o o d s
2) finder the s e c o n d  pn>|r< i n u l i i l i o u s  l o o d s  s u c h  as  n u l lon c ,  R TE  extruded foo
and energy foods arc developed

■D The third proiect undertakes the fortification of milk with vitamin A and 

*r0n’ ‘n collaboration with state and voluntary agencies Ihesc arc cctn ^

A ctive  means o f preventing nutritional blindness due lo vitamin A deficiency an

0n deficiency anaem ia  (R a o ,  I *>') I )



^  Most o f  the deficiency’ diseases are not killing diseases unless they take a
form But they' cause physical and mental debilitation which determine health

^ r ff ic ie n c y  and which results in constant misery and suffering and poor diet.
^  like the iceberg in an ocean, only its tip being visible. The malnutrition
Malm11111100vicious spiral. Under development means low incomes relatively poor^̂ 1 sis ll) ^

high infant mortality, poor diet and malnutrition. The nutritional deficiency

^  he considered either a medical or clinical problem or lack of
diseases should not oe

, i hut it is related to the social and economic causes and the
medical knov g

svstem Malnutrition, the worst affected are our children who
prevailing economic system

riti/ens of t o m o r r o w  in order to make our country' one of the 
must become aDie uu/.v -

th> w o r ld  V a r io u s  luitrilion p rogram m es  have been launched over the 
f o r e m o s t  in tru.
vears therefore at least the tip of 'he iceberg lias nearly melted



ni«cussion
1 ) What are g o i t ro g e n s9 E x am p le s

G o i t rogens  are  chem ica l  substances  are known to interfere with iodine 
metabolism at var ious  levels and  u leads to goilre  examples are thiocyanates, thio- 
oxazolidone, f lavanoids etc E v en  excess  of iodine is known to act as eoitroeen
2) If any harmful effects  cau sed  w hen  iodine salt is daily taken0

If  excess iodine is also acts as a goit rogen  so it leads to goitre But in our 
body only enough quan t i ty  ol iodine is absorbed and excess iodine is excreted throueh 
urine
3) Nutrition w e e k 9

Sep tem ber  first w eel-

4) Present status o f  the NiitnMnn | ’i,» n mime - A cup o f  milk and a shake hand9
Now it is not piopeib, wuiknm Because of the improper launching of the

programme
5) Role of f fnme Scicntisls in Niitniu mal l’iout amine ’

Hom e scientis ts ,  at fir .1 ihcv have to identify the nutrition status ol
people Educating the p eo p le  on health and hvgtcnc and to give vario 
practices to enrich the nu tr ien ts  in the food bv formulation o f  nutrilioi 
enhance the food p r o d u c t io n  and preserva t ion  

If ICDS p ro g ra m m e  is p ro p e r ly  w o rk ing  in Kerala
Yes, in K era la  it is w o rk in g  properly  through Angan
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ABSTRACT

Nutrition is a major factor in
out the maximum potentiality that one is

endowed with, both physically and mentalk- r ^ A  . • ■ally. Good nutrition depends upon adequate
food supply and this in turn on n ,agricultural polity and a good system of food
distribution. Malnutrition is an ecolnpimi (l . .g cal problem that doesn t occur alone. Although
the term malnutrition includes both unHpr j  . . .under nutntion and over nutrition, in developing
countries, under nutrition is the major public health problem.

In India like d e \ e l o p i n g  countries the major nutritional problems o f  public 

health i m p o r t a n c e  are Protein Energy Malnutrition (PE M );  Nutritional Anaemia; 

Vitamin  A Deficiency ( V A D ) .  Iodine Deficiency Disorders ( ID D )  and B complex 

Deficiency (L NIC EF. 1 9 9 2 )  The most v ulnerable groups o f  these deficiency diseases 

are pre  s c h o o l  children,  adolescents,  pregnant and lactating women.  lower income 

g r o u p  and p o p u la t io n  living in tribal tracts Inadequate food intake, illness and 

ig n o r a n c e  <irj ill .- throe key factors resulting in malnutrition

In Pr-Uvm I nergv Malnutrition, the children embrace at one end of the 
spectrum the puli'. I up cases ul kwashiorkor, the shrivelled cases of marasmus and as 
the other c;l •. "I nutritional dwarfing In between these extremes are various degrees 
of PPM (I i .hi 2'i'i2j In India the prevalence ol kwashiorkor is t)i)-t per cent and 
marasmus i. "  "7  j.fi com (K'MR. m il l )  Though keraiomalacia (nuinlional 
hi, n, I n e r t  I , , .  .M'litlu anlK .IcO.nc.l as a public hcallh problem, con,uc„vnl verosrs 
,an,l B u m 's  spoil .1,11 remains a problem ol publ.c beal.b seale no, only among
preschool children bn, among older children os well Even mrld mamm A deficiency

, and morlalilv m children, highlighlmg the public healthincreases morbimtv nnti nv
r  ibis d isorder  I ("M R  I 2 " " D  had reported Ural in India lire overall

i m p o r t a n c e  ol this disoruei t . . .  , n 7 l

, f m in i 's  spot in children is 0 70 per ccnl and mghl blindness ,s prevalence rale o f  I),lot . p ^  ^  A n m  ls m 0 lher
per cent and mghl blindness m prcgnan vv ^  physio|oglclll and

 ......‘  * "  X C —  „  nlTects m , n ,  women
physical rlevelopmenl. behavior chl|(|rOT The prevalence of  anaemia in
the reproductive aye group ■wd ® cml js sevete cflse. in children n is 74

 ̂ o < n#»r cent, ^  ,,ul ^Dreennnt women Is* ^  P



cent in adolescent girls it is 60-70 nert  P Cem !md “> mm it is 38 per cent. Goitre andcretmisrn are the clinical features of IDD flndm* n  c •Deficiency' Disorder). Cretinism is
^  chldren and goitre in all age group, The ptertUnce of gohre in children is 
47S per cent and m adults « is 5 per cent (ICMR, 2001). B complex deficiency 
especially nboflaim and folic acid deficiency occur along with other deficiency 
diseases.

Prevention and control strategies thus assume great importance in the context 
ot national economy and de\elopment. Government of India started several 
intervention programmes in the last 3-4 decades including National Goitre Control 
Programme (1962) which was renamed as National Iodine Deficiency Disorder
Control Programme (NIDDCP) in 1992, National Nutritional Anaemia Prophylaxis
Programme (1970) which was renamed as National Nutritional .Anaemia Control
Programme (19')6), The National Vitamin A Prophylaxis Programme. The Mid day
Meal P r o g r a m m e  < l '»7n) and IC D S programme

T h e  Integrated  Child Development  Services (ICDS) Programme o f  the 
Department  o f  W - n m  and Child Development was started in 1075 li provides a 
package  o f  s e r v i c e ,  which  cover  almost all die intervention programmes o f  the 
g overn m en t  and 'h • f  c.d point o f  lhe conv ergence o f  these services is dte anganvvadi.

a preschool child centre (Kao, 2‘>c> 1)



nVTRODUCnOiN
India is the second larQp<;t nmrii, « _

. cer o f  fruits and vegetables in the world. The
production at fruits is estimated to be 46 m;ii;million metric tonnes and that o f  vegetables is
91 million metric tonnes. Unfortunate, ,  . ny, unlike other horticulturally rich countries,
Indians do not get  the basic daily requirement o f  fruits and vegetables. High rate o f  
population g ro w th  firrther offsets the higher production o f  fruits and vegetables In 
addttion. there is a considerable gap between the gross production and net availability o f  
fresh fruits and vegetables and their products due to heavy post harvest losses. 
Furthermore only 1 3%  ol the whole production is commercially processed (Anon, 1996). 
India exported  0 54 million tonnes o f  fresh fruits and vegetables and 0 19 million tonnes 
of processed Iruits and vegetables, compared to many countries in the world whose 
position is much b e l o w  India s production level (Anon, 1996) Therefore, in order to
satisfy the dem and  ‘>f fruits and vegetables by the ever increasing population as well as
meeting the requirt meuf <>j the processing industry' and export trade, only increasing the 
production and pr h w u  id  w i l l  not b e  enough A  lot more emphasis need to b e  given to
postharvest man lucnient and packaging of fruits and vegetables and their products

IM P O R T A N T  I. Ol* P M K A U I M .

The mueamd production of fruits and vegetables will have significance only 

when they reach the consumer m good condition at a reasonable puce 1 lie existing pH 

losses of fruit ,in<l vegetable could he considerably reduced by adoption improved

packaging, handling and efficient system of transport (Roy e r . 2000)
Packaging of fruits and vegetables is undertaken primarily to assemble the

tv»r marketing and distribution The food package serves a 
produce in convenient units for un e

The package protects the product from tampering, maintains 
number of purposes I he pac g i

r n . .  The package also establishes an identity for the product 
quality and retains freshness ine P ® , .. T . nnrkrioP mu,.

s v n n i P i  t o  e n h a n c e  brand loyality 1  he package must
the market place which allows companies

he capable of ,
. „  from the hazards of transport1 ) protecting the produc



2.) preventing microbial and insect damage
3.) minimising physiological and biochemical changes 

The important considerations in i„ selecting the packagmg ^
are1.) The product itself

2.) The systems o f  production 
3 .) Tthe systems o f  storage
4.) The systems o f  handling
5.) The systems o f  transport
6.) The system o f  merchandising
7.) The consum er  at t i tude
8 ) The requirement o f  recycling/ reuse/ disposal etc (Roy et al 2000)

P ack ag in g  des ings :
The traditional types ot tood packaging are boxes, cartons, metal cans, glass bottles 

and jars The new innovative packaging desings are aseptic packaging, PET containers, 
microwaveable intaincrs, controlled ̂ modified atmosphere packauinu and active 
packaging

A C T IV E  P U  K \ ( »I N(

Active pa iJ  iL'iiiL' i-r termed as the dawn chorus o f  the advent o f  modern era of 
packaging It i . .il .•. h m u n  .is Intelligent packaging. Innovative packaging. High-tech
packaging. Smart  puckai/mg. etc

The term Active Packaging’ was introduced by LABUZA in 1^87 Simply,
packaging may be te rmed ’active when il pcifmms some role other lhan providing an
inert harier to external conditions

Active packamnrr is n group o f  technologies in which Ihc package is achvely
involved with food produc ts  or i n t e n d s  with m.crnal atmosphere lo ex,end shelf life
while maintaining quality and safely (Floros cl o t ,

, , / N n n n i l  Active pneknging. sometimes referred lo asA ccord ing  lo Brody cl a l .(2001).
, ...................  nvekagina is intended to sense internal or external environmentinteractive o r  smart  pacKagmg, ;n,„r„ n|•. nwn nronerties or attributes and hence the internal

clinnge and to respond  by changing i 
packaging environment



Active packaging is also called as inta.ii-Lntelllgem system in the view that it senses and measures variations in the environment nf i
, __ Package and also communicates the samet0 an observer (Brody, 2000).

vy

in 
can

SC O PE:

Acm e packaging was developed as a series of responses to unrelated problems i 

maintaining the quality and safety of foods. Some properties of foods which 

addressed by active packaging are to sustain life in foods, prevent oxidative attack on 

food constituents, retain flavour and for facilitating the serving of the food for 
consumption

In India active packaging could be highly useful and potent system for extendinu 
the shell life quality n |  a wide range o f  traditional dairy' products, such as paneer. khoa. 
and sweetmeatv etc in addition to various cheeses which are urowinu verv fast in our

s —  w  •

country (Prahha cl <1 / .  > i
Active p i c r 1 LripLr rulers to the incorporation o f  certain active components in 

packaging him* (,i in ?hv I• • r 1 1 1  of inserts that interact with tood environment within 
packaging conf/unuri  ()ihci active packaging systems use antimicrobials, antioxidants, 
enzyme inhibitor-. » da l i /e is  flavour absorbers, emitters, light blockets regulators, 
antifogging and anu . ' l  I mg agents and temperature sensing or controlling systems
( Floros i't a l . I »

-n  , , n u L ipinu arc adsoiption. absorption, porosity control,lh e  principles nl ,n live pacK.igmc, »
polymer permcahth.v. them.,I cxp.ns.on, hydrolysis. and bi,e reaction, 

inorganic/organic ox,rla„»n. gas scavengers and gas emitters of any food products so

packaged

Eotcntinl T e c h n o lo g ic ^  hc inp  used »n A r t i \ c  Pnc

O X Y G E N  S C A V E N G IN G :
■ r  I packages accclertt.es the spoilage o f  many foods 

les,dual oxygen  ,n Too p ^  ^  >nd micrpbilll
can cau se  olTodonr development,



attack. Various techniques such as a h s n r ^  •, _ rP on, interception and scavanging has beenemployed ror removaJ o f  oxygen u n,,,. „ yg ^  However most of the work has been done in
incorporatation o f  oxygen scavengers esnerialiv •p lally into plastics such as multilayer films and
PET bottles (Brody or at, 2001). The most vv.de,y researched and patented area of active 
packaging ,s the use o f  oxygen absorbing systems. (Roon^. ,995, Floros e ,^ .,  ,997).

Studies by Pow ers  and B e r k o w i t z + ( I 9 9 0 )  at the US army N at ick  Research ,
showed that a  Fresh Pax Oxygen scavenger en c lo se d  in a high gas barrier p o u c h  m ad e  o f  
polyester/A l u m i n i u m  fo i l /F ID P  w i th  baked  meal,  ready to  eat bread prevented  m old  
growth on bread for  1 j  m o n t h s  at ambient s torage  temperature.  A larcon  and H o tc h k is s  
( I 9 9 j )  h a v e  a l s o  r e p o r t e d  preven t io n  o f  mold  g r o w th  and rancidity in preservat ive  free  
white  bread  and l o w  m o i s tu r e ,  l o w ' f a E m O z z a r e t l a c h e e s e  for eight w e e k s  at refrigerated  
or am b ien t  t e m p e r a t u r e  R a v in d e r  kumar et al., ( 1 9 9 7 )  ob served  that pa ck ag in g  o f  peda in 
a mult i layer  p o u c h  E \ A / D \  D C / E V A  conta in ing  o x y g e n  scaven ger  sachet  and indicator  
tablets for e x t e n d i n g  she l l  life u p to  t w o  m onths  at 3 7 ° C ,  five m on th s  at ambient  

tem peratu re  and six m o n t h s  at 2 0  C w h e re a s  packaging  under M A P  con d i t ion s  resulted  

in s h e l f  life o f  I  ̂ d r. . I • >th at 37 C  and ambient temperature and 3 0  days  al 2 0  C

C S IR O  Dr. i mi hi 'd l o u d  Processing, Australia has developed packaging films 
containing p la < • t < • ' -n . i t r . r  rive and an excited Oxygen tiap On illumination ol films, dvc
molecules becom e e -.cited and pass on their excitation energy to oxygen from package
headspace, the •• ex- it'-ri oxygen molecules react with trap and the process continues until
all o x y g e n  ic. t r a p p e d
M e c h a n i s m  o f  O x y g e n  a b s o r b i n g  f i lm s

Active material may con,am multiple l av as  will, each layer having d i l laem
, nrmpnble to o x y g e n  Outer  layer will be  high o x y g e nfu nct ions  T h e  inner  layer is p erm eab le  to o x v g

. . n r  nrrsenl in the multilayer structure to minimize any
harrier There will be central layer present in

, . in .he food Many absorbers describing plastics containing
migration of oxygen absorber in - „hcnrhmu6 , FRnnnev 1995) Finally the oxygen absorbing
oxygen absorbers have been reviewed (Kooney, -
oxygen absorber, ^  „  bc dirccllv affixed lo the rn.enor ol a
compounds have been added 

package



L im ita t ions  o f  O x y g e n  a b so rb e r s :
There  Lire h im  ever many limitations in application o f  oxygen absorbers. It cause: 

undesirable appearance  in flexible package Sachets form of  oxygen absorbers is not wel 
percieved bv consum ers  It increases the cost o f  the product by approximately 2 .5°o tc 
10% which may be prohibitive [or products with low profit margin There are alst 
chances ot d e v e l o p i n g  anaerobic bacteria such as Clostridium spp or facultative 
anaerobic b a c ter ia  sm  h as  H i\ tcn n  s/y) There is also danger o f  accidental consumptior 
o f  absorbing com pnund  e i ther  direct lv  from sachet or due to migration out o f  the film 
( Gnanasckharaii I b a n s .  I ‘>rt7)

2) C;,\S I’ I ' . IOl I. U M L I I  Y C O N T R O L

Oxygen C o n l rn l
Fresh and r,,.nir....llv p io c c s r d  foods arc o l k n  inlcnlionallv packaged in reduced 

ixygen env tm nm cnr  to decrease enzymatic. biochemical and aerobic microbiological
ictivifien Bui wl.cn oxygen concenlralum inside iho package reduces lo zero level.

. rinrifnmiis aldehydes, ketones and some toxins arctnacrohic respiration produces odorilcrous amcnvi
r , . nr.d foods To overcome llns, oxygen permeable packageproduced in case o f  low acid to -
, , . c n m r  packaging materials with adjuncts that are sensitivenaterials have been developed P

.. ntipr their gas permeabilities and packaging filmso tem nera tu re  and significantly alter tnei gtem pera ture  g ^  ^  ^  ^  ^  o f  ,hc pores when
containing po res  .Hied _ ^  (Intclhpnc- ) technologies are probab.y .be
temperature increases, arc - m<1teri!, |s which are based on a side
iv id c lv  know n temnerature responsive



crvstallisable
- c-jha 2  18.06 m /d a y  and carbon dioxidepermeation rates o f  7.74 m7dav are arhim.oki. . . .  e ^  effective at various controllable ratiosfor high respiration rate, fresh produces uas broccoli, mushrooms, asparagus andstrawberries

Carbondioxide control:

It is a complimentary  approach to oxygen control. High Carbon dioxide levels ie 
10-80% are desirable lor some foods such as meat and poultry. This inhibits surface 
microbial g ro w th  and thereby extends shelf-life. A mixture o f  Iron and Ca(OH)2 in the 
form o f  sachet, which scaxenges both oxygen and carbon dioxide, has been used to 
package fresh g round  Codec in flexible bags This sachet protects the flavour o f  the 
product while presen t ing  carbon dioxide built up in the package. Another application of  
carbon dioxide absorbers  is to absorb the carbondioxide produced during ripening and
MAP

J A N T I M 1 C K O H I  \ l  P U ' K  U i I N G :
M icn>bi  ,1' j i . .i i riM'.'.ih is o n e  o f  major m o d e  o f  deterioration o f  fo o d s  It is 

primarily the  ;j t• > 1 1 ■ *■ i pailiiiL'enie bacteria anil m v c o to x in  producing  molil  that iimst be  
inhibited to  en  . o .i 'if prod u ct  Antimicrobial  packaging  is such a c o m p o n e n t  o f  act ive  
p a c k a g in g  win h m .M v e .  the i n c . i p o i a l i o n  o f  antimicrobial  agents  dn ectK  into

p a c k a g in g  f ilm • fh i* >n*a' t lhe  sui lace  ol  the food
rh c   lances mem pou ted  into package materials can contiol

, i       urn growth rale and maximum growth population andmicrobial c o n t a m i n a t i o n  in iu iuum ^
extending the lag period ol the tatgel inieiooiganwmx (I Ian A- I loros. |o«7)

S t r u c tu r e  o f  a n  A n t i m i c r o b i a l  releasing A c t n c  packaging
I r l ,ntaininu antimicrobial compounds require a mullilavcr Packaging  materials containing ..

, | | -d  re lease (Floros « • (« / .  2H00) Ml.....   hints may he
structure lo achieve controllc Inver with

, , i i t r ix  layer containing the active compound, (h) .  control laser
composed ol (a) a n . ^  acllvc compounds into the food surface and

i l l .  r



(c) a barrier layer to prevent migration of arrive compounds towards the outside of th. 
package and provide appropriate barrier properties.

C-CyxKj I  foju 9 A

Ji.

1 1 1 1 i i 1 1 cro b ir i l  s u b s t a n c e

C o m p o u n d s  used  lur  \n l im ic  rnbial p a rk ae in u
Ideal  ar.Miiiii n 't'i'ii p a c k .m in e  material w o u ld  have broad spectrum  ac t i \ i t> , be  

act ive  at l o w  ,  ,n. .-r.ii H o n  d e m o n s tr a te  no adverse  sensory  e f fec ts  and be low in cost

A n t im ic ro b ia l  nnonts  in be used in fond pat ka^ii, ^

( L A S S
I ___

( )r name at ids

Bactcnosms 

Spicc extracts 

rhiosulphatcs

[•n /ynies 
Proteins

E X A M P L E S
Propionic ,  benzo ic .  sorbic  

acids
N isi n
Thymol,p-cymcne
Allicin
Peroxidases, lysozymes 
ConnTbumin



1S O till O CVn a t qcudies
Amiboitirc ■Ailyisothiocynate

k** V J  A L I  v ^ O

Fungicides
r U o k i ’ --------------------

lmazilil
tienomyl

Chelating agents
\  f . | ---------- ...

~e d i a
Metals
u  _  i

Silver
ra rabens Heptyparaben

(H otch k iss ,  1995 )

M o s t  w i d e l y  p u b l i c i s e d  ant im icrob ia ls  are si lver salts on  zeo l i t e  incorporated  in plastic
films and  s h e e t s  o r  o n  material  surfaces  and into purge  absorbent  pads  for fresh meat  
p rod ucts

A s  the  tir.ht step in the d e v e lo p m e n t  ot antimicrobial  pack ag in g  materials  for 
preserva t io n  o t  m e a t  p r o d u c t s ,  the ef f icacy  o f  several approved  food  grade  antibacterial  
agents  Ifattv . i u d x  and c i s e n t ia l  o i l s )  to control  the gro w th  o f  meat spo i laue  ortianisms  
has b een  asse>  cd I ho t a tv acids ,  palmitic and lauric ac ids s h o w e d  the highest leve ls  o f  
inhibit ion w i th  m i n i m u m  inhibitory concentrat ion  o f  5 0 0  and 2 5 0  uu. ml, respect ive ly  
Oleic ,  stearic  m c i i . m .  and palmitic  ac ids w ere  com p le te ly  ineffect ive  The  most  
e f f e c t iv e  e s . e n o  u id we t e  p im en to ,  c innam on and c lo v e  and rosemary,  at least 5 sp ec ies  
o f  the brie t1 t  : i ?*■ ' c l  w ei e inhibited by a 1 /100  dilution o f  these  oi ls  (Ouattara cl 

9 9 7 )
S o r b i c  r11 id and it1. p o ta s s iu m  salts have been studied as preservat ives  for the 

ck au in u  o t  t h e s e  ptodur  P. I hcv w e r e  m c. i |> .» .nc« l  m l«  w ax  layer fur natural c h e e s e  . 
■t w a x  c n a t t n g  t.n p a c k a g i n g  paper ami edible  protein c o a t in g  on  m lcrm edia le  moisture  
,d s  T h e  p o t a s s i u m  s o r h a l c  c o m e n l r a l t o n  on the c h e e s e  surface ,s ertlical and must he  
tn tam ed  a b o v e  0 | %  to  tnhthtt mot,I,I g r o w th  P r o c e s se d  A m er ican  c h e e s e  w as
: k a g e d  w i th  I 0 „ m  .h ic k  M D P B  Hlms conta in ing  10% s o ,h a te  initially and stored

. m n c c n tr a t io n  w a s  maintained a b o v e  0  1% and such)m t e m p e r a t u r e ,  d i e  su r face
. i n m irrohe  free for five m on th s  at r o o m  temperature  

:k a g in g  e n a b l e d  l l ie  c h e e s e  to  .
*  *  int0 I DPT. films exhibits  s trong nnt.mycoticB e n z o i c  a n h y d r i d e  incorp o ra ted  into

i , - r,,i,,,,logical media  and c h e e s e  (H otch k is s .  I W )  I DPC
ivitv w h e n  in c o n t a c t  w i th  m w r



films containing 0 .5 - 2 %  benzoic anhydride del
enzymes such as g lucose oxidase which f  ^  8r° Wth ° n cheese Antimicrobial 
have been bound to the inner surfac F r  hydrogen peroxidase and alcohol oxidase
can be used to preserve fish. ^  C° maCt ^  ^  3S alginate films’ which

Japan Freund Industrial Co I M k. ,
• I * . „ . patented the p ro c e s s  o f  m icroencapsu la t ion  o fethanol  in s p e c i a l l y  e n g i n e e r e d  c i i • • u c u w | j s u id u u n  ui
• . . . containing a minimum amount o f  55% ethanol byweight and t rademarked as ETHIC a  p  a

H I C A P .  A c c o r d in g  , o  Black «  1993,  the pa ck ag in g
in c o r p o ra te d  w i t h  E t h ic a p  d o u b le d  the sh e l f  i;r r • , e s s

„. . . , She" llle 01 P " a bread, E lh icap  has also proved
ef fec t iv e  in c o n t r o l l i n g  s p o i l a g e  bv S n r r h , ,* , ,' IVce.s ccrevisiae in gas  p a ck aged  strawberry’
and vanil la  laver  c a k e s  and cherrv r r m m  m „ .G ream c h e e se  cake,  Sei ler and Russel  ( 1 9 9 3 )  also
reported  that e t h a n o l  at a leve l  n f  1°;  i .V p oduct  weight ,  de layed the onset  o f  ropiness
caused by g row th  o f  H a a l h s s a h a h s ,  They also reported that low concentration o f
ethanol 10 5 % - 1 0 %  In weight) inhibited bacterial growth in whipping cream and custard.
two well known -.cctor:, o f  food poisoning bacieria in filled bakery products These
studies cl earl v iM-i -m ,v  the antibacterial properties o f  ethanol when incorporated directly 
into media or a I■ h i ! pi ■ < id

In re .eru u il I D  \  ha^ approved the use o f  chlorine in packaging system to
release chlorine i- -i i ■ I m i l  Science \u%lralia is developing systems to release sulphur
dioxide to cori’i , n 1 1 )• I cnowth "ii contained fruits

4) ETHN l.I’.M  ( ON I KOI.
F’thylerif i. i Im>r 1 1 1 <>ni-. which acceleiates npening in fmits followed bv

senescence Rf-rn . il ol r t l iv lmc 11 <on plant enviionnienl can significantly retard post
harvest cata lvdu activity in hesli pioduces and complement modified atmoshpere
p reser v a t io n  proc c s s

E l h y l c n c  r e m o v a l  m e d ia  are usually composed o f  pallets o f  p o ro u s  so l ids  such as
, , i ,-wi c,lira ncl that have been impregnated with KMnOjact ivated  alumina, vermiculite and silica gci  umi i t

-n . i ciirlnre to trap the gas  m o le c u le s  and carriei forI h e se  s o l i d s  act as  the  a b s o r p t iv e  surtace  to u , M
p e r m a n g a n a te ,  w h i c h  o x i d i s e s  e th y len e  to c thy lencg lyco l

i ih pthvlene scaven gers  in several different forms  P a c k a g i n g  is i n c o r p o r a t e d  with  e thy lene  scn v c  g
s  I arc used  in individual h o s e s  o f  fruits and

inc luding  b la n k e t ,  t u b e s  and  s a c h e t s  S



vegetables, whereas blankets and tubes ar* ™ iommonly used in transport vehicles. Frisspack is a paper incorporated with KMnO f^r4 for use m corrugated fiberboard casesmanufactured by Dunapack, Hungary A r r i v e  a  u“ j - ated charcoal impregnated with a palladium
catalyst and placed in proper  sachets ecti\ely removes ethylene by oxidation from 
packages o f  minimally processed kiwi, banana, broccoli and spinach.

G o o d  quality green bananas were treated with ethylene and packaged in LDPE 
bags, the ethylene being immobilized with synthetic zeolite. The bananas were stored a. 
I5°C for 30 days . followed by 20 days at I8°C. It was concluded that bananas packaged 
in LDPE and stored at lo°C  enabled storage in a mature condition for long periods and 
retained the op t im um  sensory characteristics for 5-7days. Anuradha and Siddiqui (1098) 
studied the effects o f  post harvest treatments, MAP and MAP with KMnOq impregnated 
on chalk sticks on s torage life ot ber (Zizyphus mauriticina) fruits Fruits were stored 
under ambient temperature  33±4'JC and relative humidity 68+5% for 6 days Results
suggested that M \ P  with KMnO.t was more effective that hot water treatment im
prolonging shell iite • *t her fruits by reducing rate o f  ethylene production and ripening
related proces-,e> < >ve r the (• dav period

(5) M O I S T  I I d  ( O N I  K O I,
Since »h- me* ibolism o f  tats and carbohydrates produces water, condensation or

sweating is a pi.TR-m m many kinds o f  packaged foods particulailv. tiesh tnnts and
vegetables of rmmn.allv processed prepared foods This condensation moistens the
product siirf.ii' e . 'du h le  nutr ients  leak into the water encouraging rapid growth of

u i j rin,| ii.-ulum to the loss o f  nutrients from the product Clays,u b iq u i to u s  m o u l d  sport  s and leading
. . i i i i,rl Invc been used to protect sensitive products against watermolecular sieves and silica gel nave

I „nl Ins been Ihc moisture absorbcnl o f  choice Tor dry foodsand humidity T o  dale, silica gel has been ...
, , m  o f  their o w n  weight and maintain water activity well belowwhich can absorb  up to  n  o ot

, «  zeolite can absorb water (upto 24% o f  their own weight) 
0 2 M olecular  sieves s u e t  . absorhcnt polymers have been shown to absorb
and off  o d o u rs  M oreover ,  P ^ ^  ^  ,wo
water u p to  500 t imes their ow n  w a g  ^  ^  ^  ^ ^  ^  ^
highly permeable  layers o f  a plastic fi
food package



Show o D enko  in Japan is m annf i ,^ ,  ■
d - ^  t^ )e duplex under the tradename Pichit. C M C  polymers based absorbent* that fform irreversible gels have been usedto absorb the purge emanating from products like sliced and dried tomatoes,

melons, watermelon,  strawberries and chicken

6) ODOUR REM O VERS

M any food products  such as fresh poultry and cereal products develop the 
containment odours  Such odours may develop due to metabolic changes like formation 
o f  aldehyde or ketone compounds from lipid oxidation or anaerobic glycolysis and which 
are trapped within gas barrier packaging and when released are detected by the 
consumers Activated carbon is a popular odour absorbent, which is effective and
inexpensive \  itamin E has also been aggressively marketed as a food grade odour 
remover in package  materials

Dupont lias developed a series ot molecular sieve compounds called odour and 
taste c o n t r o l ,  which r e d u c e s  t h e  ofl flavours arising from biochemical deterioration of  
some food p r o d u c t  r - p r i  i u I Iv  f a t t v  foods such as potato chips

7) AiNTIOX 11) V M  KI 1 I . \SINCi S Y S T E M S
I he  m u  a  a p p l i c a t i o n  ot antioxidant releasing film is f lavour protect ion  o f  ready  

to eat dry t e r - a l  . m l  n o o d l e s  A nt iox idants  must be “ food  grade” and must be  
transmitted  f r o m  the  l i lm in appropriate  rate under normal s torage  cond i t ions  to retard

r a n c i d i t y
Several b .od  m ad e  .uHiosidunts like hulvlatcd hydroxvtolucnc (HIIT), butvlate

hydrnxyamsnle (HU M. vi.am... I and d.hvdrnguarctic nod  arc being used
HI I f  has been effective when added dnecilv In dry cereals When BUT was

I o ti,p dmlf life of a contained oat cereal and also incorporated into HOP and enhance the shell
r  , nimvirhnts into Hie plastic film o f lh c  package were more asserted that application o f  the an '

. I,t,nr direcllv into the contained food products The
—  — - -  * » „ -  -

     oil m    *  *which may he propylene ,glvc0 • 8 
tranned be tw een  the tw o  films



objection that seemingly introductory elements o f  active 
packaging that w e  are aware o f  today are going to be incorporated in next generation o f  
food packaging Isn’t the packaging industry venturing too eagerly in unknown 
territories The  act o f  removing oxygen from internal package environment may be 
simple but it should be assured that contained residues do not overpower the scavenger 
and that the reacting compounds are neither toxic nor damaging to the contents. 
Furthermore, som e active packaging systems have the potential to generate compounds 
capable ot migrating into the contained food, eg - biocidal films are not inert and so must 
meet migration limitations (Brody, 2001a) So research needs to be done in these sundry 
aspects M oreover ,  till now no specific regulations have been formulated to regulate the 
safety ot a c t i v e  packaging and to promote the competitive positions in the industry.

c o n t u s i o n

Active 1' i. 1 wmi: is Mill developing as a collection ot niche markets So it is not 
surprising th i’ .« -b «■ 1 inge of \ c t i \ e  Packaging systems which have been brought
into light are d<- M-- 1 n. be magnum o p u s  m the array of  efflcacius techniques for food
preservation n--> b i fn the im . i l  processing Intelligent combination of active packaging
technologies wi’h id .anced  food preservation techniques, material science.

. . , , .. .L , ■ fvii-nd the she l f  life o f  food  products  whileb i o t e c h n o l o g y  an I b n . ir i lo im at ic s  can cMcnu me a i m  i
i i ,,*,.. ,mi| ihi'olomcal duality and ensuring theirmaintaining the  n.il i m . . n i l .  nig.muleplic and ihi .oioy.ai  <|i

safety
Active packamim  systems for Ihc rood industry would evolve as a new fioiuier ,n

r r I m the coming (lavs In Indian context it would be packaging and preservation of foo '  - ■ ,.
f„r ^ t e n d in g  Ihc shell' life quality of a wide range ol

highly usel'ul and potent  system - Mil,,,....!, ilrlsh m nccr  halwa and awccl meals, etc Allhough this
traditional dairy p roduc ts  sue . P ^  |o |  ofrescnrch j, required with
packaging system is the latest one and m mf. y • -
great expecta t ions  used for food industry



delay- the ripening in fruits. Ethvlene sigers are used in fruits like banana, mango,
grapes, etc. They are available in thp fn.™ ,rm of  sachets. Molecular sieves and silica gels
are used to protect the food from K ^ r . , 1  «•armful effects of  moisture. Odour absorbers like
activated Carbon, vitamin E are used in fried products like banana chips, potato chips 
to protect the natural flavour of  foods. Antioxidants like vitamin E, Butviated 
Hydroxytoluene (BHT) and Butviated Hydroxianisole (BHA) are used in noodles and 
ready to eat cereals to prevent oxidation and protect the flavour.

Active packaging is still in its infancy stage and in the future, it is bound to 
emerge as a concrete step in the evolution process of advanced packaging 
technologies to meet the requirement of innovative foods, provided that a few lacunae 
are taken care ol and certain regulatory aspects are ascertained



DISSCUSSION

1. Explain the functioning o f Grape guard?
Grape guards are actually Sulphur pads. It is a brown sheet containing 

sodium metabisulphate (SMS). It produces sulphur gas, which absorbs carbon dioxide 
and other gases and prevents the fermentation and other deteriorative changes in the 
packages and thus it keeps the produce fresh.

2. What are the applications o f  biotechnology and bioinformatics in packaging0
Biotechnology and bioinformatics can be used to identify and develop 

antimicrobial compounds,  natural antioxidants, etc which can be safely incorporated 
into the packages

3. What is shrink wrapper packaging0
It means wrapping the produce such as trents or vegetables loosely inside a 

select! . els permeable plastics him and sealed leasing volumes ol air surrounding the 
produce \ v. hercas in individual seal packaging the film is shrink wrapped tightly 
aroun 1 e t' h piece < • t pioduce, which acts as anothei laser ot cuticle

4. 11 ri i r e  antmxidants used 1
I | ,c .miMixidant substances are dissolved in solvents like propylene glycol

and poratcd into plastic films and used lor packaging the produce
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ABSTRACT
India is the secon d  largest producer o f  fruits and vegetables  in the world. The  

product ion o l  fruits is estimated to be 46 mill ion MT and that o f  vegetables  is 
91 m i l l ion  M  I . H ow ever ,  there exists  a wide gap between the demand and supply o f  
Iresh Irutts and vegetab les  due lo the heavy post harvest losses.  The increased 
product ion ol  fruits and vegetables will have significance only when the\  reach the 
c o n s u m e r  in good  condit ion at a reasonable price. I lie exist ing posthar\cst  losses o f  
fruits and veg e tab le s  could he considerable reduced by adopting improved packaging,  
h m dl ing  and e f f ic ient  system of transport

\  p a c k a g e  i s  a  c v e r i n g  m a t e r i a l ,  w h i c h  s h o u l d  b e  c a p a b l e  o l  p r o t e c t i n g  t h e  
p r o d u . e  I r ' u n  t h e  h a z a r d s  o f  t r a n s p o r t ,  p r e v e n t i n g  m i c r o b e : !  a n d  i n s e c t  d a m a g e  a n d  
m m n m / m g  p h y s i o l o g i c a l  a n d  b i o c h e m i c a l  c h a n g e s .  A  v a r i e t y  o f  p a c k a g i n g  m a t e r i a l s  
a i ' . n  i b i o . e s ,  c a r t o n s ,  g l a s s  b o t t l e s ,  j a r . ,  m e t a l  c o n s  a r e  a v a i l a b l e  i n  t h e  m a r k e t .  

M o d e r n  c o n c e p t  o l  p a c k a g i n g  i n v o l v e s  a s e p t i c  p a c k a g i n g .  C M  a t m o s p h e r e  p a c k a g i n g  
m  l a c t i v e  p a c k a g i n g

I h c  t e r m  ' A c t i v e  p a c k a g i n g '  w a s  i n t r o d u c e d  b y  I . a b u / a  i n  l ( )S 7 .  It i s  d e f i n e d  
a .  t h e  g r o u p  o l  t e c h n o l o g i e s  i n  w h i c h  t h e  p a c k a g e  i s  a c t i v e l y  i n v o l v e d  w i t h  f o o d  
p r o d u c t ,  o r  i n t e r a c t s  w i t h  i n t e r n a l  a t m o s p h e r e  t o  e x t e n d  s h e l l  l i f e  w h i l e  m a i n t a i n i n g
quality an I i fe ly (I loros cl <il l ‘>97)

l l i c  p o t e n t i a l  a c t i v e  p a c k a g i n g  t e c h n o l o g i e s  i n v o l v e  o x y g e n .  c a r h o n d i o x i d c  
a n d  c t h v l c n c  s c a v e n g i n g ,  a n t u u i e r o h i a l  p a c k a g i n g ,  m o i s t u r e  c o n t r o l ,  o d o u r  r e m o v e r s  
a n d  a n f i o x . d a n t  r e l e a s i n g  s y s t e m s  l l ’r n h h a  cl ti l .  2 0 0 4 ) .  I h e  o x y g e n  s c a v e n g e r s ,  
a v a i l a b l e  i n  f l i c  f o r m  o f  s a c h e t s ,  f i l m s  a n d  l a b e l s ,  c o n t a i n i n g  f e r r o u s  c o m p o u n d s ,  
c a t e c h o l  c n / v m c s  e t c  a r c  i n c o r p o r a t e d  i n  f o o d  p a c k a g e s  t o  p r e v e n t  o f t  o d o u r  
d e v e l o p m e n t  c o l o u r  c h a n g e ,  n u t r i e n t  l o s s  a n d  m i c r o b i a l  a t t a c k .  1 h e i r  m a i n  
■innl ic i f  i o n  c o m e  i n  v e g e t a b l e  o i l s ,  b a k e r y  p r o d u c t s ,  d r i e d  f r u i t s ,  c h e e s e ,  c t e .  ( B r o d y  cl 
„ /  7 0 0 11 C a r b n n r l i o x i d c  s c a v e n g e r s ,  a v a i l a b l e  i n  t h e  l o r n ,  o l  s a c h e t s  c o n t a i n i n g

, . I ^ v i <lo nr i r o n  w i t h  c a l c i u m  h y d r o x i d e  a r e  u s e d  t o  p a c k a g e  I r e s h  g r o u n d
c a l c i u m  h y d n  f u n c t i o n  o f  c a r h o n d i o x i d c  s c a v e n g e r s  a r e  t o  p r e v e n t  t h e
coffee and chJ cqe Antimicrobial packaging prevents the microbial deterioration
flavour loss of Pr0 ' nrc sijvcr saIts on zeolite incorporated in plastic
of  foods. Most wide y■ -  ̂ baclCriocins, spice extracts, enzymes, proteins,
films and sheets. Org. « • mjcrobifl| agents in packages I thylcnc scavengers
fungicides can also be useci



are used in fruits like banana, mango and grapes to delay the ripening process^ 
Potassium permanganate and activated carbon are generally used either in sachets,^ 
impregnated into labels or adhesives to trap the ethylene produced by ripening fruits 
or vegetables. Zeolite clays and silica gels are used in packages to protect the food 
from harmful effects o f  moisture. Odour absorbers like activated carbon, vitamin E 
are used in fried products like banana chips and potato chips to protect the natural 
flavour o f  foods. Antioxidants like vitamin E, Butylated Hvdroxytoluene (BHT) and 
Butylated Hydroxianisole (BHA) are used in noodles and ready to eat cereals to 
prevent oxidation and protect the flavour (Labuza and Breene, 1989).

Active packaging is still in its infancy stage and will emerge as a concrete step 
m the evolution process of  advanced packaging technologies.
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